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Executive Summary

A number of assessments were undertaken to estimate the reasonably beneficial on-farm
water-use requirements of the IID for the periods 1989-1996 and 2000-2002. These
assessments and the key conclusions and major recommendations based on them are
summarized here.

The leaching requirement (LR}, which is the fraction of the infiltrated water that must
leach through the crop rootzone in order to keep soil salinity within acceptable limits for
full potential crop yield, was estimated using two steady-state models (which have been
shown to provide very similar results to more exact transient but less practical models).
Leaching requirements values were calculated using both models for the average
weighted IID-wide situation for a representative mixture of crops (based on 1989-1996
and 2000-2002) for various combinations of Colorado River salinity, crop consumptive
use, tailwater runoff, effective rainfall and irrigation efficiency. Based on these values,
the volumes of beneficial and non-beneficial components comprising the on-farm water
requirement, along with applied water, infiltrated water, tailwater, deep percolation, etc.,
were calculated for these various combinations. These results can be used to assess the
water requirements under the different conditions of use, including those existing in the
past fifteen years, at the present and those in the foreseeable future.

The IID-wide weighted values obtained for the 1989-1996 Colorado River water-use
situation with the WATSUIT model (LRw, which adjusts for the removal of salt from
solution within the active rootzone by mineral precipitation) and with the conservative
so-called traditional leaching requirement model (LR-) were 0.085 and 0.125,
respectively. These values were based on the weighted salt-tolerances, cropped acreages
and consumptive use of each crop produced in the 11D during the period 1989-1996. For
2000-2002, the analogous and corresponding values were about 0.060 and 0.106.

The IID has advocated that horizontal leaching and tailwater runoff is necessary for soil
salinity control for about 87 percent of their irrigated fields and that the associated
volume of tailwater should be credited as beneficial water use in the IID. The leaching
requirement models do not account for the horizontal-leaching of soil salinity, as can
occur in the cracking-type soils found in the IID. Therefore, I developed relationships to
account for the effect of horizontai-leaching combined with tailwater drainage in the
determination of the leaching requirement. These new relationships are described later.
Example calculations are provided which show that horizontal-leaching does not provide
an appreciable amount of benefit in the control of soil salinity, but its contribution can be
assessed and included, if desired, in the determination of the leaching requirement and in
the determination of associated water volumes, using the valid quantitative relationships
developed and presented herein for this purpose. I did so herein, for sake of
completeness.

Both LR models assume uniform conditions of irrigation, infiltration and leaching. Such
conditions may not exist under actual field situations; thus, a means to adjust for non-
uniformity and inefficiency of irrigation was developed for cases where such adjustment
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is appropriate and is described later. A new criterion of maximum permissible non-
beneficial water use was developed as a means to help determine the amount of water to
be provided for non-uniformity and inefficiency compensation, for cases where such
compensation is appropriate (in my opinion, such compensation is inappropriate at the
prevalent levels of tailwater use in the IID and only becomes relevant when the tailwater
becomes less than about 10 percent).

New equations were also developed to permit the calculations of the on-farm water
requirements corresponding to the leaching requirement for different situations, i.e., for
the various possible combinations of required vertical-leaching, tailwater use, horizontal-
leaching and non-uniformity/inefficiency compensation. These relationships are provided
in summary tables. Example calculations are provided to demonstrate the use and utility
of these relationships in determining the water requirement of the IID, of the volume of
tailwater that contributes to beneficial water use (i.., provides some of the required soil
salinity control) and of the effects of various irrigation options on drainage volumes and
on overall beneficial and non-beneficial water use.

If tailwater use is to be reduced to low levels in the IID (about five percent or less), then
some compensation for irrigation inefficiency related to non-uniformity of application,
infiltration and leaching should probably be included in the assessment of the IID on-
farm water requirement. The means commonly used to determine such compensation is
subject to abuse; it may result in a kind of “double-accounting” and in excessive non-
beneficial water use, if not used appropriately. Therefore, I advocate that the criterion of
minimum non-beneficial water be used to help determine how much compensation is
appropriate and reasonable. I developed practical equations to facilitate the required
calculations and assessment. Example calculations are provided to illustrate the use of the
procedure and to demonstrate the amounts and percentages of non-beneficial water use
that can result under different possible situations.

The selection of the appropriate value of irrigation inefficiency compensation to use for
the IID situation under conditions of reduced tailwater usage depends on the irrigation
system, irrigation management, soil infiltration properties, tailwater percentage allowed
and some decisions about how much of the irrigated field should receive optimum water
application, infiltration and leaching (i.e., economic determinations are also necessary).
The latter decisions must “weigh” the difference between what is beneficial and what is
reasonable, which includes economic assessments of various off-site environmental
considerations, as well as the in-ficld technical aspects of crop production and irrigation
and drainage processes. The use of surface irrigation models capable of predicting water
infiltration and leaching (and tailwater runoff) for various conditions of water application
and soil properties facilitate the determination of the uniformity and efficiency that is
potentially achievable. It also facilitates the assessment of the practicality of alternative
irrigation management, especially when it is coupled with economic considerations of the
fulfillment of potential crop consumption and required leaching within the field and of
the potential deleterious consequences of “ponding and scalding” and of excessive deep
percolation (waterlogging, salinization, increased drainage requirements, pollution, etc.)
For this reason, I recommend that the approach used to compensate for non-uniformity
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and inefficiency of irrigation in estimating water application requirements in IID be based
on the consideration of resulting non-beneficial water use, coupled with an assessment of
the feasibility and practically of achieving the corresponding non-uniformity factor (Fy)
made using infiltration models calibrated for IID conditions and of the associated
economic implications (covering both positive and negative effects of increasing the
water application to increase the percentage of the field achieving full water requirements
for crop ET and leaching).

Tailwater is not normally considered a beneficial use of irrigation water, although the 1ID
has argued that it can provide some leaching benefit and should be credited accordingly
(however, as shown herein, this benefit is very small and horizontal-leaching is very
inefficient; thus, one shouid not intentionally advocate its use for this purpose). Thus, it
may be reasonable to base the estimation of the on-farm water delivery requirement
(RVw) solely on the basis of the reasonableness of beneficial water use (which only
includes ET and LR related water usage) without allowance for any tailwater, considering
the possible need to provide a reasonable amount of extra water to compensate for
irrigation inefficiency considerations. This would permit the irrigator to determine
whether he will allow tailwater use (TW), or not, within the confines of his overall
“reasonable and beneficial’ allotment. In other words, the total allotted water can be used
in any combination of ET + LR + TW, but it must be kept within the limits of the
reasonably beneficial water requirement, as defined and calculated above. Another
alternative would be to credit tailwater use for the amount by which it contributes to
beneficial water use (salinity control) and to include this amount (which is no more than
5 percent) in the water requirement estimate.

Various sensitivity analyses were made of the relations developed and used herein in
order to assess the relative effects and importance of leaching requirement, tailwater
fraction, horizontal-leaching and non-uniformity compensation, on water requirement
volumes, non-beneficial water use and the volumes of required and non-required
drainage. The resuits show, among other things, that: 1) high tailwater fraction and non-
uniformity compensation greatly increase the amount of non-beneficial water use and,
hence, both need to be minimized as much as practical; 2) the leaching requirement is the
primary parameter, besides V,, of course, that affects the volume of required infiltration
water, while horizontal-leaching can reduce this requirement by a small amount at high
ievels of tailwater fraction, its use is very inefficient and should not be advocated for this
purpose; 3) the volume of total deep percolation is highly sensitive to non-uniformity
compensation, much more so than to the leaching requirement and 4) non-uniformity
compensation and tailwater fraction dominate and increase the volume of total water use
that is non-beneficial. Hence, non-uniformity compensation should be minimized in order
to minimize non-beneficial water use and the creation of water table and drainage
disposal problems and costs.

The above-described relations, logic and procedures were employed to estimate a target
volume for the reasonably beneficial on-farm water delivery requirement of Colorado
River water in 11D for the two time periods described above. The result for the 1989-1996
case where Colorado River salinity is equivalent to an EC of 1.213 dS/m, the leaching




requirement is 0.085, crop consumptive use is 1,806,000 acre feet (AF), effective rainfail
is 101,000 AF and the tailwater fraction is 0.05 is about 2,005,000 AF +/- 113, 000 AF,
plus another approximately 28,000 AF for duck ponds and fish farms. The corresponding
volume of tailwater used beneficially in soil salinity control is about 1,800 AF compared
to about 167,000 AF of required deep percolation. The non-beneficial tailwater volume is
about 102,000 AF and the overall percentage of water used non-beneficially is 4.9%. This
level of irrigation efficiency is deemed potentially possible and practical to achieve in the
high clay content, cracking soils of the IID, based on several lines of evidence, including
surface-irrigation modeling; monitoring data and demonstration field studies. For the year
2003, the estimate of the reasonable (really liberal) on-farm Colorado River water
requirement for the TID service area is about 2237.6 KAF +/- 48.4 KAF. Thus, the
corresponding total on-farm requirement in 2003, including duck ponds and fish farms, is
about 2266.1 KAF +/- 48.4 KAF. These requirements can be reduced by about 122.7
KAF in two years and by another 110.0 KAF in about five years by reducing tailwater
with relatively simple and inexpensive improvements in irrigation and cropping
management to 10 percent and 5 petcent, respectively.




Introduction

I was requested to provide a value for the leaching requirement (LR) of the Imperial
Irrigation District (IID), as needed to estimate the reasonably beneficial on-farm
irrigation water requirement of the IID. The values (they vary for different situations) that
I determined, along with the logic and basic relations and approaches, are presented
herein. Included are the equations that I developed to account for the effect of horizontal-
leaching and tailwater drainage on the leaching requirement and to compensate for the
effect of non-uniformity and inefficiency of irrigation, with consideration of beneficial
water use, The latter compensation was based on a relation that I derived between non-
beneficial use and an irrigation efficiency coefficient. Detailed tables of example results
that were obtained using the LR-related equations to calculate irrigation and drainage
walter requirements are provided, as are examples of the calculation procedures and the
results of a sensitivity analysis of the underlying relationships. The purpose of the
sensitivity analysis was to determine the relative effects of the various involved
parameters upon the leaching and water requirement values and the amounts of beneficial
and reasonable non-beneficial water use, according to my logic and approach. The results
of a preliminary sensitivity analysis based upon evaluations of “sensitivity-plots” of the
data, which displayed the degree and extent of the effects of the various parameters on
the various water volumes and benefits, are provided. The results of 2 more rigorous
sensitivity analysis are also provided, along with additional estimates of the IID on-farm
water requirement made using various estimates of practical irrigation efficiency.
Leaching and irrigation water requirements are provided for two time frames, specifically
for the period 1989-1996 and for the estimated year 2003 (based on the average of 2000-
2002)

Estimation of the IID-Leaching Requirement

Mistakes and inconsistencies are commonly found in reports involving calculations of
irrigation and drainage volumes corresponding to leaching requirement values, because
of confusion about terminology and variation and inconsistency in the water-reference
used to estimate LR. It is important to specify the water used as the reference of LR and
to use uniform and equivalent expressions and references when comparing or calculating
water volumes associated with LR values. I will now describe what [ believe are the
correct definitions and means of referencing, in this regard, before describing the actual
LR values that I determined for two IID-wide situations.

The LR value is the estimate of the net fraction of infiltrated water that must pass through
the rootzone over time in order to keep the level of soil salinity in the active rootzone
within acceptable limits for full-potential crop production, assuming uniform conditions
of water application, infiltration and leaching within the field and, traditionally, the
absence of any significant removal of previously accumulated infiltrated salts by the
processes of horizontal-leaching and tailwater runoff, Thus, the LR is usually referenced
to the amount of infiltrated water (Vias,). However, it can be modified to account for
horizontal-leaching and/or tailwater runoff and it can, alternatively, be referenced to the
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amount of water applied to the field (Viw). 1 will use Vi as my reference for LR herein;
relations are provided later for converting between these two alternative water-references.

I estimated the leaching requirement for the IID for various conditions by determining the
overall “consumptive-use and leaching requirement” weighted District-wide LRingy value
for the mixture all crops typically grown there, as follows.

1 used the data given in Table 1a, which was taken from the WST Report (1998),
describing the crop and consumptive-use conditions of the 11D for the eight-year period
1989-1996, as the basis for estimating the District-wide amount of water required for
crop consumption and its proportional distribution among the various crops for this
period. This table shows the amounts of irrigation water consumed in evapotranspiration
(Ver) by the individual crops and their proportional use of the total irrigation water
requirement for crop evapotranspiration in 1ID. These data show that about 50 percent of
the total consumption use in the IID is typically accounted for in alfalfa production and
that about 75 percent is consumed by just four crops: alfalfa, Sudan, wheat and Bermuda.
1 increased the average values of crop consumptive use given in Table 1a by 4 percent to
obtain an increased set of ET values to use for the hypothetical situation that might apply
in the future in 11D, if the factors presently limiting crop consumptive use were uniformly
eliminated, so as to permit the crops to consume water in an increased amount (see Table
1b). The amount of four percent (higher than present) was chosen because it is about half
the amount that the present crop consumptive use is below the theoretically full potential
value (about 8 percent higher than prevalent usage), which is not ever likely to be
achieved (based on the recommendation of DrR. G. Allen). 1 used the average crop
consumptive use data for 2000-2002 to estimate the expected 1D evapotranspiration
requirement for 2003 (Allen, 2003b; see Table 1c).

I used the most recent tabulation of conventional threshold salt-tolerance (Maas and
Grattan, 1999) to estimate the LR value for each individual crop. I calculated the
corresponding leaching requirement of each crop vsing two steady-state models: the so-
called “traditional method” (LR; Rhoades, 1974) and the WATSUIT model (LRw;
Rhoades, et al., 1992), respectively. The traditional method is widely used to estimate the
leaching requirement, but is a relatively conservative model, since the actual amount of
infiltrated salt that needs to be removed by leaching is reduced by mineral precipitation
(Rhoades, et al., 1973, 1974). The WATSUIT model adjusts for the removal of soluble
salts within the crop rootzone by mineral precipitation (primarily as calcite and gypsum);
thus, the value of LRy is correspondingly lower than LR, primarily at the levels of LR
less than about 0.10 where the resulting soil water concentrations exceed the solubility of
calcite and gypsum minerals in the lower depths of the plant rootzone (Oster and
Rhoades, 1990). The WATSUIT model has been shown to give very similar LR results to
those obtained using more tigorous and process-based transient models for a
representative 11D crop rotation (Rhoades, 2002). Again, the LR value is conservative;
the LRy value is more theoretically valid. The two values represent the range in LR
values that one might reasonably apply to the IID situation. The latter value might be
appropriate, if compensation for non-uniformity effects are not provided in the
determination of the on-farm irrigation water requirement (as discussed later).




For the 1989-1996 dataset, I estimated leaching requirements and corresponding
irrigation water requirements for four different values of EC (0.930, 1.143, 1.213 and
1.323 dS/m). These values include the average salinity levels of the Colorado River (CR)
irrigation water at Imperial Dam for the period 1987-1998 (0.093 dS/m, which is the
period considered in the 11D EIR/EIS Report), for the period 1987-2001 (1.143 dS/m, a
more recent long term average), for the period 1989-1996 (1 .123 dS/m, the period used in
the WST report) and for the upper limit allowed for the future salinity of the Colorado
River (1.323 d$/m, equivalent to a TDS value of 879 mg/l), respectively. For 2003, 1 used
the average salinity of the Colorado River for the three years 2000-2002 (1.091 dS/m).
The average major solute compositions corresponding to these levels of CR salinity are
given in Table 2.

The relations between leaching fraction (LF, the actual fraction of the deep percolation
relative to the volume of infiltrated water) and average soil salinity (average rootzone soil
salinity as expressed on a saturation-extract basis, EC,, dS/m) at steady-state conditions
were calculated for each of the five considered CR waters using the WATSUIT model.
These relations are shown in Figures 1a-le and were used to estimate the corresponding
LRy values for each crop, since the value of LF corresponding to the threshold level of
soil salinity (average rootzone EC, basis) of each crop is equivalent to the LRy value of
each crop. The values of LRy were calculated for each crop and water using regression
equations, such as “In (LF) = -2.2755 In (ave. EC,) ~0.9585”, which were established (R?
= 1.000 in each case) for the respective curves (Figures la-1e) relating LF and average
soil salinity (EC. basis). The LRy values for the average CU of 1705 KAF for the period
1989-1996 and for CR salinities of 0.93, 1.143, 1.213, and 1.323 dS/m are given in
Tables 3,.4, as are the corresponding salinity threshold values of each crop. The LRw
values for a CU of 1774 KAF and for CR salinities of 0.93, 1.143,1.213, and 1.323 dS/m
are given in Tables 3., The LRy values fora CU of 1665.2 KAF for the period of 2000~
2002 and for a CR salinity level of 1.091 dS/m are given in Tables 3;. The corresponding
values of LRy for each crop were calculated from the traditional LR model equation of
Rhoades, 1974 {such as, for example, LRt = (1.213)/[(5)(threshold salinity value)-
(1.213)]}.

The District-wide LRt and LRy values for each considered time period were calculated
as the sum of the individual crop required leaching volumes divided by the sum of the
individual crop required volumes of infiliration water corresponding to the volumes of
crop consumptive use and salinity level of the Colorado River water for that period (see
Table 3..;). These resulting values (and the means of calculation) are given in the
footnotes of Tables 3,.; they range between about 0.091 and 0.140 for LRy and between
0.046 and 0.102 for LRw, respectively, for the range of EC values considered.

District-wide LRy and LRy values for the individual vears 1989-1996 and 2000-2002 are
given in the appendix Tables A3. For the 1989-1996 period, the standard errots of the
mean IID-wide LRy and LRt values (0.085 and 0.125, respectively; see Table 3,) for the
case of Colorado River water of average composition (EC = 1.213 dS/m) caused by
yearly variation in CU volumes are 0.0026 and 0.0020, respectively. Thus, the LRw and




LRy vaiues for 1989-1996 are estimated to be about 0.085 +/- 0.0052 and 0.125 +/-
0.004, respectively. The corresponding CV percentages for these mean LR values are 9
and 4 percent, respectively. The analogous standard errors and CV percentages for the
2000-2002 period, for which the mean LRw and LRy values are 0.058 and 0.106 (see
Table 3;), are 0.0012, 0.0007, 3% and 1%, respectively. Though a three year period is too
short to establish good estimates of uncertainty, the mean IID-wide LRy and LRy values
for 2000-2002 are determined to be about 0.058 +/- 0.002 and 0.106 +/- 0.0014,
respectively. These variation data are used later to estimate the confidence intervals of the
determined required volumes of Colorado River water for irrigation of the IID service
area (the values are repeated in the tables associated with this discussion-Table 12).

The LRy for the TID situation over the period of 1989-1996 is estimated to be 0.085 (see
Table 3c; it does not include adjustment for the effect of horizontal-leaching (this
adjustment is made when the on-farm water requirements are determined, since it varies
with tailwater volume, soil type, crop type and irrigation method). This estimate is about
one-half the estimate of NRCE (2002), when expressed on the basis of infiltrated water.
The latter estimate includes horizontal-leaching, but does so incorrectly.

In the next section, I will describe and demonstrate how the effects of tailwater and
horizontal-leaching can be accounted for in the determination of leaching requirement,
when expressed in terms of either infiltrated water (LRingy ) or applied water (LRw ) and
how the volumes of water, including applied-, infiltrated-, tailwater and deep percolation
waters, associated with these LR values can be calculated. I will also show how the
fraction of the tailwater contributing to the fulfillment of the leaching requirement can be
calculated and how the volumes and overall beneficial use of irrigation and drainage
waters can be calculated. After that T will provide these calculated values.

Calculation of Volumes and Beneficial-Use of Irrigation and Drainage Waters

I derived relations to calculate both beneficial and non-beneficial volumes of various on-
farm water-use categories with the leaching requirement that cover varying tailwater
situations, irrigation efficiency and non-uniformity and both means of LR-referencing,
assuming steady-state conditions; they are given in Table 4a (definitions of the terms
used in these relations are given in Table 4b). The derivations of these relations are given
elsewhere (Rhoades, 2002).

It is my opinion that it is likely appropriate to adjust for irrigation inefficiency effects in
determining IID water delivery requirements when the tailwater percentage is low (but
not when it is at high levels, such as greater than 15 percent, as now is most likely the
case in the 1ID). Before, describing the on-farm water requirements that I determined for
the IID service area, I will first illustrate in this section the use of the relations given in
Table 4a to estimate on-farm water delivery requirements, without compensation for the
effect of irrigation inefficiency. These illustrations and results will demonstrate the use of
the relations of Table 4a and provide data for a sensitivity analysis that is described later.
In the subsequent section, [ will carry out analogous calculations, including compensation
for the effect of irrigation inefficiency.
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Results of some example generalized calculations made using the relations given in
Tables 4a are given in Table 5. These results are based on the assumptions that V is 100
units; the fractional tailwater runoff (Fy,) is 0.05 and the ratio of the volume-weighted
tailwater EC relative to that of the applied water (i.e., Fow) is 1.5. Additional water for
non-uniformity and irrigation inefficiency compensation is not included in these
examples. These results show that: 1) with tailwater runoff, LR;,, is less than LRz, 2)
with horizontal-leaching, both LR;,s, and LR;,, are reduced relative to the case of
tailwater runoff without horizontal-leaching, and 3) horizontal-leaching also reduces the
required amount of deep percolation (RVqy,), the required volume of water to apply to the
field (RV;y) and the corresponding volume of tailwater, although these reductions are
very small. In the case of RV 4y, the reduction for this example is 2.88 percent [estimated
as (100)(9.890-9.605)/(9.890)]. The ratio of salt removed from the soil by deep
percolation relative to tailwater for this example is 33.7/1 [estimated as (9.608)/(9.890-
9.605)].

Results of more extensive and inclusive calculations of water volumes and ratios are
given in Table AS (see Appendix) for various combinations of variables covering the
following ranges: leaching requirement (LR; 0.07-0.15), fractional tailwater (Fyy; 0.00-
0.20), and relative increase in tailwater salinity by horizontal-leaching (F; 1.0-1.6). The
values of LRjnfw, LR;w and other related volumes and ratios for the various situations
included in Table AS were determined from the relations given in Table 4a. The volumes
or volume-ratios presented in Table A5 are the following ones assuming uniform
conditions: RVinsy (the volume of water that must be infiltrated to meet potential
evapotranspiration and leaching requirements), RV, (the volume of irrigation water that
must be delivered on-farm to supply the water required for infiltration plus tailwater, if
any), RV (the volume of deep percolation required for the control of soil salinity, as
determined by the leaching requirement), Vi, (the volume of tailwater), BV, (the volume
of tailwater that is effective in controlling soil salinity by reducing the need for vertical
drainage), TBVy (the total volume of water used beneficially; i.e., the sum of V,, plus
RV plus BVy), NBVy (the volume of water used non-beneficially; i. e., the difference
between the volume of applied water, RV, and that used beneficially, TBVw), %NBVy
(the percentage of NBVy relative to total applied water, RV;,) and 100 (BVy,)/(RV ),
which is the percentage of soil salinity removal created by horizontal-leaching relative to
vertical-leaching. These definitions are also given in Table 4b, in analogous terms. These
calculations apply to the uniform situation (i.., for F, = 1.0; results for other values of F,,
are provided later when compensation for irrigation non-uniformity/inefficiency is
discussed) and are normalized assuming the potential crop evapotranspiration, Ve, is 100
relative units of water volume.

The results are organized in Table A5 by subsections of LR; these subsections include LR
values of 0.07, 0.08, 0.09, 0.10, 0.11, 0.12, 0.13, 0.14 and 0.15, respectively. This range
essentially covers most of the practical range of leaching requirement estimates that have
been made for the IID. Within each subsection of LR, the results are arranged by
tatlwater fraction, Fy.: 0.00, 0.05, 0.10, 0.15 and 0.20, covering the case of no-tailwater
(Few = 0.00) and high tailwater usage (Fy., = 0.20). The latter level probably compares to
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the District-wide value of the present-day 11D operation, which may be as high as 0.25.
For each level of tailwater fraction, results are given for three levels of horizontal-
leaching contribution, ranging from zero (Fe,, = 1.00) to a level that probably exceeds
that mostly occurring in IID (Few =1.6). Reported values of Fiy, and Fw for prevalent
conditions of tailwater usage in IID are reported to be about 0.17 and 1.30, respectively
(Boyle, 1993; NRCE, 2002). [The average value of F,, (in my terminology) reported in
the Boyle Report is 1.30, with a standard deviation of 0.3]

The data of Table A5 were used to perform a preliminary sensitivity analysis of the
relative effects that LR, Fy, and F have on the water volumes and ratios of interest
listed in Table AS, as is discussed later. Before the sensitivity results are discussed,
examples will be given to demonstrate the manner in which the calculations used to
obtain these results are made. I will now calculate each volume contained in the middie
row of the first section of Table A5, to illustrate the methods of calculation. The
corresponding values of LR, Fiw and Fen, for this row are 0.07, 0.10 and 1.50,
respectively. The value of Vi is, of course, 100 units for all cases in this table (used for
purposes of normalization; for a real case, one would, of course, use the specific absolute
value of V). Correspondingly, substitution of the above parameter values into the
relation given in Table 4a for LRy yields 0.0661 {=[(1-0.10 * 1.50)/(1-0.10)](0.07)};
into that for LR,y yields 0.0595 {=(1-0.10*1.50)(0.07)}; into that for RV gy yields
107.0791 {=100/(1-0.0661)}; into that for RV, yields 118.9768 {= 100/(1-0.0595-
0.10)}; into that for RV, yields 7.0791 {= 0.0595*118.9768}; into that for Vi, yields
11.8977 {=0.10*118.9768}; into that for BV, yields 0.04478 {=[0.07*100/(1-0.07)]-
[(0.0595%100)/(1-0.0595-0.10)] = (7.5268-7.07912)}; into that for TBVw yields
107.5269 {= 100 + 7.0791 + 0.4478}; into that for NBVy yields 11.4499 {=118.9768-
107.5269} and into that for %NBVy yields 9.6236 {= 100(11.4499/118.9768)}. The
corresponding value of 100(BVw/RVgy) is 6.3251 {=(100)(0.4478/7.0791)}.

To aid in the interpretation of these results and to determine the relative effects of the
individual parameters involved in the calculations (i.e., to perform a preliminary analysis
of sensitivity), some of the results of Table AS are presented in the form of graphical
relationships (see Sensitivity Plots given in the Appendix). Because we are especially
interested in the effects of leaching requirement, tailwater usage and horizontal-leaching
on irrigation-requirement volumes and on the amount of reasonable beneficial water use,
I will mostly focus on the results of Table A5 that are pertinent to these latter factors in
the following discussion of implications and partial conclusions that can be derived from
these results (those in Table A5 and the associated “sensitivity plots™).

The results given in Table A5 and in Figures 5a-01, 5a-02 and 5a-03 show for these
cases, where F, is 1.0 and V is 100, that: 1) with horizontal-leaching, LRnsw is less than
LR and LR,,s, decreases as the magnitude of horizontal-leaching (F.w) and tailwater
fraction (Fy,) increases (the percent decrease is at most about six, for the prevalent 1D
situation (Fy = 0.17 and Fer, = 1.3); 2) with tailwater, LRy, is less than LR;.sv and like
LR, LR;w decreases as the tailwater fraction (F,,) increase and 3) with horizontal-
leaching, both LR s and LRy are reduced relative to the case of tailwater runoff without
horizontal-leaching. The results given in Table A5 and in Figure 5a-04 show that: 4)
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horizontal-leaching also reduces the volume of irrigation water needed to be applied
relative to ET (RV;w/Vey), although the amount of this reduction is very small (probably
insignificant at all but the very high levels of tailwater fraction). On the other hand, the
delivery water multiplier-value ([N]) increases substantially (for example, by a factor of
1.23 for the LR = 0.09 case), as the tailwater fraction increases. LR has a smaller effect
on this factor; the N factor increases by about 1.045 as the LR increases from 0.09 to
0.13. Figures 5a-05, 5a-06 and 5a-07 show that: 5) the percent of delivered water
required to be infilirated decreases markedly and the percent of tailwater increases
markedly, of course, as the tailwater fraction increases. The results given in Table 5a and
in Figure 5a-08 show that: 6) the combination of horizontal-leaching and tailwater runoff
reduces the volume of required vertical-drainage, but the magnitude is not large (less than
about 5 percent under the most likely conditions), Table A5 and Figures 5a-09, 5a-10, 5a-
11, 5a-12 and 5a-13 show that: 7) the volume of tailwater that is beneficially used in the
control of soil salinity increases with the magnitude of horizontal-leaching, with tailwater
fraction and with the leaching requirement, but the amount of the benefit is relatively
small (the beneficial volume of tailwater is less than about 0.8 percent of the delivered
water under the most likely conditions). Table A5 and Figure 5a-14 show that: 8) the
relative effectiveness of horizontal-leaching is small compared to vertical-leaching and is
essentially insignificant, except at very high (and unlikely) levels of Fy, and Few (no more
than about six percent under prevalent IID circumstances). The results given in Table A5
and Figures 5a-15, 5a-16 and 5a-17 show that: 9) the total volume of beneficial water is
not increased by horizontal-leaching, but the non-beneficial water volume increases
substantially as the tailwater fraction increases,

Compensating for Non-uniformity and Irrigation Inefficiency in LR-Related Calculations
of Irrigation Water Requirement

Uniformity of water application-infiltration-leaching was assumed (as is the convention)
in all of the above-described determinations of the leaching requirement and in the
example calculations of water volumes that were based upon it (Table 5 and Table AS
results). However, complete uniformity of leaching (or of irrigation application and
infiltration} is not usually achieved in actual cropping and irrigation operations. The
combined effect of non-uniformity of water application, infiltration and leaching often
results in relative distributions of deep percolation like that illustrated in Figure 2.
Additionally, in this figure, the various potential ultimate distributions of the total volume
of applied water (RV;,) are schematically represented. As I stated earlier, it is my opinion
that it is likely appropriate to adjust for irrigation inefficiency effects in determining 11D
water delivery requirements when the tailwater percentage is low (but not when it is at
high levels, such as greater than 15 percent, as now is most likely the case in the IID). I
will now discuss the logic and procedures used to compensate for such inefficiency
effects in determining on-farm water requirements.

If irrigation water could be applied completely uniformly to a uniform soil and unstressed
uniform crop, only a volume of irrigation water equivalent to the potential crop
consumptive use (RVe) plus the required leaching (RVyy), i.e. RViysy (also = the
maximum potentially-beneficial water use, MBV;y,), would need to be applied and
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infiltrated (therefore, RV, = MBV,,, = RViuaw = RV + RV 4., was assumed in the
preceding section and in the computations of Tables 5 and A5 in the absence of
tailwater). But often with surface irrigation systems, non-uniformity of irrigation results
in excess irrigation water being infiltrated in the upper-end of the field (because the
opportunity time for infiltration and the average water-depth are greater there) and in
insufficient water being infiltrated in the lower-end of the field (because the opportunity
time and the average water-depth are less there). In such typical cases of non-uniformity
of application and infiltration, the actual volume of water utilized in crop ET (BRVy) is
usually less than maximum-potential crop ET (RV ) by the unattained amount URV,, and
the actual volume of deep percolation effectively used in leaching (BRVy) is usually less
than that theoretically required volume (RV4y,) by the unattained amount (URV 4y).

To reduce these unattained amounts of required beneficial crop ET and “leaching”,
additional water is sometimes intentionally applied as a means to compensate for the non-
uniformity induced un-attainment. With such increased application: 1) the volume of
applied water exceeds RVium, 2) the volume of excess deep percolation (NR Vy,,) may
increase, especially in the upper part of the field, and leach out more salt there than is
actually necessary and, hence, add unnecessarily to the total drainage requirement which
often creates water table problems (crop yield reduction caused by reduced aeration and
increased soil salinity), 3) the total volume of deep percolation (Vqy) exceeds the required
deep percolation (RV4,) by the amount of NRVy,, and 4) if tailwater is allowed, a
fraction of the applted water runs off the field without being infiltrated (Vy), thus not
contributing to either ET or appreciably to the leaching requirement (as was shown
earlier), while increasing the surface drainage requirement. The relative amount of each
of the above-described potential destinations varies with the amount of tailwater, and the
shape of the application-infiltration-deep percolation curves which in turn vary with
irrigation management (advance rate, recession time, etc.) and soil intake properties. But
in any case, for a non-uniform situation, the effectively beneficial leaching is usually less
than the required leaching (BRV 4y, < RV4y) and total deep percolation (Vg = BRVyy +
NRV4vw} is usually greater than the theoretical required deep percolation,

Tailwater is sometimes claimed to be necessary in order to achieve adequate uniformity
and efficiency of infiltration with the use of surface irrigation systems (for example, see
page 23 of Boyle Engineering Corporation, 1993 Report; also the NRCE Report, 2002).
But, the results of the case examples given in Section A of Table 6 show that the
percentage of applied irrigation water that is non-beneficial increases in direct proportion
to the fraction of tailwater (i.e., to the Fy,, value). The percentage of applied water that is
non-beneficial exceeds 10 percent and 20 percent for F,, values greater than 0.10 and
0.20, respectively. Tailwater is not needed to achieve uniform irrigation; examples will
be given later to demonstrate this.

For non-uniform conditions, a means to compensate for non-uniformity when calculating
the on-farm irrigation delivery requirement (RV;,) is to introduce a “non-
uniformity/inefficiency compensation factor™ (F,, which is analogous to distribution
efficiency) to increase the volume of water to be infiltrated (and applied) relative to that
determined assuming uniformity of Ve and LR;ss, within the field as follows:
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RViw = [(Verr Viw)/ (1 -LRingn)(F )1/ (1 -Fr). (11

I have argued previously (Rhoades, 1999/2002) that this means of determining the
compensation amount may be excessive depending upon the value of Fy, the irrigation
management being used and, especially, the amount of tailwater allowed. In fact, the
volume of irrigation water calculated solely on the basis of ET considerations {i.e.,
determined as RViy = [(Verr Viw)/(Fn)/(1-Fy)]}, may be sufficient to preclude the need for
including the leaching requirement (salinity control component) in the compensation
adjustment (i.e., using Equation {11). This is so because the total volume of applied water
determined as [(VeeViw)/(Fn)/(1-Fyy)] may be sufficient for salinity control itself over
most of the field, If additional water is provided that exceeds this latter amount (as can
result with either of the above-described methods of adjustment), then deep percolation
may be far too excessive to be considered reasonably beneficial (as is implied in Figure 2
and as was discussed in the preceding paragraph). Examples are given in Table 6 to
demonstrate and to support my conclusions about this possibility and the general
appropriateness of the latter common practice for estimating the irrigation water delivery
requirement, i.e., of first estimating ET, secondly estimating the leaching volume-
requirement and then calculating RV, using Equation 1]. I will now review the salient
implications that can be discerned from the results of Table 6 {primary among them is the
following one: the common means described above and used to compensate for non-
uniformity/inefficiency of irrigation is prone to misuse and abuse}. Subsequently, I will
provide a generalized set of equations that can be used to determine appropriate values
for the F,, factor for various conditions of leaching requirement and tailwater use and 1
will provide analogous tabular and graphical results to those already given in order to
demonstrate and illustrate the utility of these new equations for estimating on farm water
requirements considering irrigation inefficiency.

Relative amounts of irrigation water needed to fulfill potential ET and required leaching
and the corresponding amounts of non-required (and, hence, non-beneficial) deep
percolation are given in Table 6 for various combinations of tailwater fraction (Fy) and
the “inefficiency” compensation-factor (F,,), when the means of compensation for
inefficiency is determined both solely from ET and from ET plus LR. The no-tailwater
case is covered by the examples where Fy,, = 0. For purposes of these examples, it was
generally assumed that actual Ve = RV, = 100 units, that LRyp = 0.10 and that no
significant amount of soil salinity is removed by horizontal-leaching and tailwater runoff
(this phenomenon is inciuded in a more thorough set of calculations which is provided
and discussed later). When considering the results given in Table 6, keep in mind that the
maximum possible amount of beneficial water use in these examples is equal to RVysy (=
RV + RVgy) and that the minimum volume of non-beneficial applied irrigation water is
equal to the difference (R Viw — RVinsw)-

Example results obtained for the case where inefficiency compensation is determined
using Equation [1], with and without tailwater, are given in Section A of Table 6. These
results show that tailwater adds considerably to non-beneficial water use. They also show
that the application of excess irrigation water intended to compensate for non-uniformity
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and inefficiency of application-infiltration-leaching can result in deep percolation
amounts that substantially exceed the required amounts (RV4w), especially if F,, values
are less than about 0.90. These results also show that, in the absence of tailwater, the
percentage of applied water that is non-beneficial exceeds 5 percent for F, values of less
than 0.95, exceeds 10 percent for F,, values of less than 0.90,exceeds 15 percent for Fy
values of less than 0.85, and exceeds 20 percent for F,, values of less than 20 percent, etc.
Correspondingly, the percentage of non-beneficial deep percolation increases as the Fy
value is reduced; for example, % NRVy,, relative to Vg, is greater by 34, 52, 63 and 71
percent for F, values of 0.95, 0.90, 0.85 and 0.80, respectively. These results show that
the application of excess irrigation water provided to compensate for non-uniformity and
inefficiency of application-infiltration-leaching can result in deep percolation amounts
that substantially exceed RV, especially if F,, values of less than about 0.90 are
permitted. As mentioned earlier, such excessive volumes of deep percolation may have
serious consequences on water table depths and drainage requirements and their
associated costs (both on-site and off-site costs). Assessments of F,, that do not consider
the consequences and costs of excessive deep percolation will likely result in the
selection of inappropriately low F, values because they only focus on the achievement of
high uniformity of water application and infiltration as thought needed for ET and LR
purposes. The effects of non-uniformity compensation and the consideration of both
beneficial and non-beneficial impacts and costs should be considered when selecting the
value of F,,. These negative benefits of “over-irrigation” should be considered in
economic evaluations of non-uniformity/inefficiency compensation, in addition to the
positive benefits of increased crop yield, when assessments are undertaken in this matter.

Example results obtained where inefficiency compensation is based solely on ET {i.e.,
determined as RViw = [(Ve-Viw)/(Fn)/(1-Fiw)]} are given in section B of Table 6. These
results show, of course, that the corresponding irrigation delivery amounts are less than
those obtained when the compensation is based on both ET and LR (, i.e., compared to
section A results). They also show that for the no-tailwater case, the percentages of
applied water that are non-beneficial relative to RViy, exceed about 5.5, 11.1 and 16.7 for
F, values of less than 0.85, 0.80 and 0.75, respectively. Correspondingly, the percentages
of non-beneficial deep percolation relative to Vg increase as the F, value is reduced
significantly below 0.85; for example, the % NRV 4y values are 37.0, 55.5 and 66.7 for F,
values of 0.85, 0.80 and 0.75, respectively. These results show that the excess application
of irrigation water provided to compensate for non-uniformity of application-infiltration-
leaching determined using this method of compensation will result in deep percolation
amounts that substantially exceed RV, if F, values of less than about (.85 are
permitted. Thus, even when not intentionally applying extra irrigation water to meet the
LR under non-uniform conditions, the volume of deep percolation can exceed RV, when
too low a value of F, is used in this method of inefficiency compensation.

A comparison of corresponding cases A and B given in Table 6 shows that the relative
volumes of applied irrigation water are 117.65 units and 130.72 units with a Fy value of
0.85 for the case where the ET-only method of compensation is used and for the case
where the “ET plus LR” method of compensation is used, respectively. Analogously, the
corresponding non-beneficial drainage volumes are 6.5 units and 19.6 units, respectively.
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The salient implication is that the calculated volume of irrigation water can exceed the
sum of potentially beneficial ET and required deep percolation, even when based solely
upon Vg, if too low of a value for F,, is used for inefficiency compensation. For the case
where inefficiency compensation is based solely upon ET and tailwater runoff occurs, the
results given in section B of Table 6 show that, assuming complete uniformity, the
irrigation application would have to be sufficient to achieve tailwater runoff equivalent to
a F,, value of greater than 0.10, in order to meet both “ET pus LR” theoretical beneficial-
use requirements. The reader should note that some portions of the field can still be
“underleached” and “underirrigated”, even when the application volume exceeds the
required infiltration volume. The method provided by DR R. G. Allen may be used to
address these deficiencies (Allen, 2003a).

While the above-presented assessment only evaluated the potentially maximum amount
of beneficial water-use associated with each of the two above-described alternative

means for determining the delivery water requirement needed in order to compensate for
the effects of non-uniformity and inefficiency of irrigation-infiltration-leaching, it would
seem that one should be able to establish appropriate values of F, to use (when using
either of these compensation methods) by considering the reasonableness of the amounts
of non-beneficial water use that will result. For example, the examples provided in Table
6 show that use of a F,, value of 0.90 for the no-tailwater case applied to both ET and LR
(i.€., RViw = [(Ver Vrw)/(1-LRinsw)(Fu)]) results in a water application volume (RViy) of
123.46 units, which corresponds to 10 percent non-beneficial use (% NBViy), and a
volume of deep percolation (V) of 23.46 units, of which at least 12.35 units are non-
beneficial (NRVgw). The corresponding minimum percentage of non-beneficial deep
percolation (% NR V) relative to Vi 52.6. The use of a F,, value of 0.80 for the no-
tailwater case applied solely to ET ((i.e., RViy = (Ver Vrw)/(Fy)) results in a required water
application amount (RViy) of 125.00 units, which corresponds to at least 11.1 percent
non-beneficial use (% NBV;y) relative to RV, and a volume of deep percolation (Vgw) of
25.00 units, of which at least 13.89 units are non-beneficial (NRVgy). The corresponding
minimum percentage of non-beneficial deep percolation (% NRVy) relative to RVgy is
55.5, These results show that the analogous preceding non-beneficial volumes are similar
for the two different methods of inefficiency compensation under no-tailwater conditions,
when reasonable, but different, values of F, are selected for each method. These results
also demonstrate that, depending upon the value of F, selected, it is not necessary to
include LR in the inefficiency compensation process; compensation based only upon ET
can provide enough excess water to meet the beneficial vertical-leaching requirement,
provided an appropriate value of F, is used.

The example data given in Table 6 also show that, if tailwater is permitted, a higher value
of F, is needed in order to achieve the same level of beneficial water use. For example,
these example results show that when 10 percent tailwater (Fiy = 0.10) is allowed under
conditions of complete uniformity (F, = 1.0) the required water application volume will
be 123.46 units, which corresponds to 10 percent minimum non-beneficial use (the same
use as results for the no-tailwater case when determined using a F, value of 0.90 that is
applied to both ET plus LR). The amount of non-beneficial drainage is also about the
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same; with tailwater, the non-beneficial drainage (12.35 units) occurs as surface runoff
and, without tailwater, it occurs as excessive deep percolation (12.35 units).

The above-described results suggest that the criterion of the reasonableness of resulting
non-beneficial water-use should be considered when determining appropriate F, values,
as well as for determining the corresponding water delivery requirement, for any
combination of tailwater and leaching requirement. The logic can be generalized and
reduced to simple equations, as will be described in the next section. Then the practical
use of these equations will be demonstrated. Subsequently, the resulting equations will be
used to calculate irrigation water requirements for an expanded set of situations
analogous to those given in Table A5, but which include compensation for inefficiency
and non-uniformity considerations.

Generalized Equations For Determining F, and On-Farm Delivery Requirement

The minimum amount of non-beneficial irrigation water is, by definition, equal to the
difference between the amount of water applied and the amount required to meet the
potential ET and the LR under idealized uniform conditions (NBViy = RVjyw — RVingw).
Thus, the minimum percent non-beneficial water use with reference to RV is equal to:

% NBViy = 100 [(RViw — RVin)/ (RVi)]. [2]

The volume of infiltration water required in order to provide for ET and LR under
uniform conditions, ignoring rainfall, is:

RVinsw = [(Ver)/(1-LRinsw)], [3]

as shown in Table 4a. The volume of water that must be applied in order to provide both
ET plus LR with compensation for inefficiency, as well as to provide for specified
amounts of tailwater (i.e., RV;y,) is:

RV = [(Ve)/(1-LRinen)(F))/[(1-Fr)}, 0 = [(Ve)/(1-LRing)] [1/Fo(1-Fi)], [4a]
as obtained from Table 4a.
‘The volume of water that would have to be applied in order to solely provide ET with

compensation for inefficiency (i.e., ignoring LR) and to provide for tailwater is
analogously:

RViw = [(Ved/(Fa WWI(L-Fe)] = (Vo) [1/Fn Y1 -Fu)l, [4b]
Equation [2] may be rearranged to solve for RVjy, as follows:

RViw = RVinsw)/[1-(%NBV)/100]. [5]
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Substitution of Equation [5]} into Equation [4a] yields the following equation, which can
be used directly to determine F, from % NBV;,, and Fe:

Fp = [1-(%NBVw/100)[/{(1-Fu)]. [6a]

For the case where compensation for non-uniformity is determined considering only Vg,
the analogous relation to use in order to calculate F, (=F, ) is:

Fp' = [1-(%NBVy/100)] = Fyo(1-Foy). [6b]

This latter relation may be derived recognizing that, for this case, RViy = (V/F n')f(l—
Fiw). Substitution of this relation into Equation [4a), yields Equation [6b]. Graphical
representations of Equations [5] and [6a] are given in figures 3, 4 and 5, respectively.

The procedure to follow in order to determine the amount of water required to cover the
volumes of ET plus LR, the volume of tailwater to be employed or allowed, and the extra
volume of water to apply for the purpose of non-uniformity and inefficiency
compensation using the above equations is as follows: 1) establish ET using conventional
methods, 2) determine LRy, using an appropriate model (I recommend that the LR value
be obtained using WATSUIT), 3) decide on the amount of tailwater (Fy,) to be allowed or
to be evaluated, 4) decide on which method of compensation is to be used (“ET plus LR”
or “ET only”), 5) calculate the appropriate value of the required inefficiency factor, F,, or
F,", using the corresponding version of Equation [6] to meet the minimum %NBVy
objective and, finally, 6) calculate RV, using the appropriate equation given in Table
[4a] and the corresponding values of Ve, LRinsy, Fey and either F, or F,,". For example, for
the case where Vg is 100 units, LRisv is 0.088, Fy, is 0.05 and %NBYV is chosen to be
10.0%, F, is determined using Equation [6a] to be 0.9474 (= [1-(10.0/100)}/[(1-0.05)])
and RV, is determined using the appropriate equation from Table 4a to be 121.828 {=
[(100)/(1-0.088)(0.9474))/[(1-0.05)]}. Alternatively, if the effects of tailwater and F, are
not of interest, RV, can be obtained directly from Equation [5].

Results of more inclusive calculations of the effects of inefficiency compensation on
water volumes and ratios made using the generalized relations described above and those
provided in Table 4a are given in Tables A6a and A6b (see Appendix) covering the
following values or ranges: LR (0.09 and 0.13), fractional tailwater (Fi; 0.00-0.20),
relative increase in tailwater salinity by horizontal-leaching (Fey; 1.0, 1.3 and 1.6) and
“inefficiency compensation factor” (F, ; 0.70-1.00). These calculations were made for
various combinations of the preceding variables which cover many possible situations,
including uniform and non-uniform situations, and are normalized assuming the potential
crop evapotranspiration, Ve, is 100 relative units of water volume. The results are
organized in Table A6a by subsections (A and B) for the two optional means of
inefficiency compensation (“ET plus LR” and “ET only”). The results within each of
these subsections are further subdivided for LR (either 0.09 or 0.13 to cover the range of
LR estimated by the two models corresponding to an EC;,, value of about 1.213 dS/m). In
cach subsection of LR, the results are arranged by “inefficiency factor” (F,) covering the
range (.70 to 1.00 and then by tailwater fraction, Fy,, covering values of 0.00, 0.05, 0.10,
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0.15 and 0.20. The latter values cover the case of no-tailwater (Fy, = 0.00) and high
tailwater usage at a level (Fy,, = 0.20) that is about that probably presently occurring in
the IID. For each level of tailwater fraction, results are given covering horizontal-
leaching contributions ranging from zero (F¢n = 1.00) to a high value that probably
exceeds that occurring in IID (Fy, =1.6), along with the reported prevalent value (Fow =
1.30). [values of Fy and F., reported by NRCE for prevalent conditions of tailwater
usage in IID are about 0.17 and 1.30, respectively.] The corresponding LRnsy and LRy
values for the various situations included in Table A6a were determined from the
relations given in Table 4a. These data are presented in a modified organization in Table
A6b for purposes of use in a sensitivity analysis, which is described later.

The volumes or volume-ratios calculated for the preceding combinations are presented in
Table 6a in terms of: RV s (the volume of water that must be infiltrated to meet
potential evapotranspiration and uniform leaching requirement), RV}, (the volume of
irrigation water that must be delivered on-farm to supply the water required for
infiltration plus that, if any, which becomes tailwater, along with the extra for
“compensation”), RV, (the minimum volume of deep percolation required for control of
soil salinity, as determined by the leaching requirement), V,, (the volume of tailwater),
BV, (the volume of tailwater that is effective in controlling soil salinity; reducing the
need for vertical leaching and drainage), TBVy (the total volume of water used
beneficially; i.e., the sum of V¢ plus RV, plus BVyy), NBVy (the volume of water used
non-beneficially; i.e., the difference between the volume of applied water, RV, and that
used beneficially, TBVy), %NBVw (the percentage of NBVy relative to total applied
water, RV;y) and 100 (BV,)/(RV4w), which is ratio of soil salinity removal created by
horizontal-leaching relative to required deep percolation leaching, expressed as a
percentage. These definitions are also given in Table 4a, in analogous terms. These data
will be used to perform a preliminary sensitivity analysis of the relative effect that the F,,
factor, has on the water volumes and ratios of interest listed in Table A6a, as well as the
effects of LR, F, and Fw, as is discussed later,

Before the implications and preliminary sensitivity analysis of the results contained in
Table A6a and A6b are discussed, examples will be given to demonstrate the manner in
which the relations given above and in Table 4 were used to calculate these results. The
appropriate relation for each particular water item (specified by the column-heading
within Table A6a) is selected from Table 4a and used to calculate the volume or ratio of
the item for the particular combination of LR, F, and F,, of interest. I will now calculate
each value and volume in the middle row of the first section of Table A6a, to illustrate
the calculation procedure. The corresponding values of LR, Fy, Frw and Fey for these
example calculations are 0.09, 0.80, 0.20 and 1.30, respectively. The value of V is, of
course, 100 units for all cases in this table (used for purposes of normalization; for a real
case, one would, of course, use the absolute value of V). Correspondingly, substitution
of the above parameter values into the relation given in Table 4a for LRusy yields
0.08325 {=[(1-0.20 * 1.30)/(1-0.20)](0.09)}; into that for LR; yields 0.06161 {= (i-
0.20*1.30)(0.08325)}; into that for RVius, yields 109.081 {= 100/(1-0.08325)}; into that
for RV vields 170.439 {= [(100)/(1-0.08325)(0.80)]/(1-0.20)}; into that for RV g, yields
9.081 {=0.08325*109.081}; into that for Vi, yields 34.0878 {=0.20*170.439}; into that
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for BV, yields 1.5463 {= [0.09*100/(1-0.09)]-[(0.06161*100)/(1-0.06161-0.20)] =
{9.8901-8.3438)}; into that for TBV yields 110.6273 {= 100 + 9.081 + 1.5463}; into
that for NBVy yields 59.8117 {= 170.439-110.6273} and into that for %NBVy, yields
35.0927 {= 100(59.8117/170.439)}. The corresponding value of 100(BV/RV4,) is
17.0279 {= (100)(1.5463/9.081)}. [Note: the equation given in the lower section of Table
4a is used to calculate RV} in section B of Table A6a, for cases where compensation for
non-uniformity is based solely on ET.]

The results given in Table 6a and the corresponding set of figures (Figures 6a-1 through
6a-23) show, of course, the same general trends and relationships already described and
discussed with reference to Tables 5 and AS and Figures 5a-1 through 5a-17 for
situations which excluded non-uniformity compensation. But they additionally include
the relative effect of the inclusion of the “non-uniformity compensation factor” on the
various water volumes and ratios. [Some of the trends are easier to visualize and present
using the Table AS results, others with the Table Ab6a results.]

The results presented in Table A6a and in Figures 6a-1a,b,c, 6a-2a,b,c and 6a-3a,b,c show
that, as was the case without compensation for non-uniformity and inefficiency: 1) with
horizontal-leaching, LRinew is less than LR and LR s, decreases as the magnitude of
horizontal-leaching (F.) and of tailwater fraction (F.) increase; 2) with tailwater, LR;y
is less than LR s, and like LRinsv, LRiw decreases as tailwater fraction (Fyy) and
horizontal-leaching (F..) increase, and 3) LR;,, is reduced relative to LRy, and LR as
the tailwater fraction increases. The results given in Table A6a and in Figure 6a-4a,b,c
show that: 4) horizontal-leaching reduces the volume of irrigation water needed to be
applied relative to ET (RV;,/Vey), although the amount of reduction is very small. On the
other hand this volume ratio increases substantially as the tailwater fraction increases and
as extra water is provided for inefficiency compensation. For example, the latter volume
must be increased by a factor of about 1.5, when the F; factor of 0.70 is used for
inefficiency compensation. Figures 6a-5a,b,c, 6a-6a,b,c and 6a-7a,b,c show that: 5) the
percent of delivered water that is infiltrated decreases markedly and percent tailwater
increases markedly as tailwater increases. The former percent is decreased further when
extra compensation-water is provided to increase irrigation efficiency; for example, the
infiltrated volume drops by about 20 percent when a F,, factor of 0.70 is used, which has
about the same effect as increasing the tailwater by the same relative amount. The results
given in Table Aéa and in Figure 6a-8a,b,c show that: 6) horizontal-leaching reduces the
volume of required vertical-drainage (leaching), but the magnitude is not large (less than
about 5 percent under most likely conditions). Compensation for irrigation inefficiency,
of course, has no effect on required leaching and deep percolation. Table A6a and Figures
6a-9a,b,c, 6a-10a,b,c, 6a-11a,b,c, 6a-12a,b,c and 6a-13a,b,c show that: 7) the volume of
tailwater that is beneficially used in the control of soil salinity increases with the
magnitude of horizontal-leaching, with tailwater fraction and with the leaching
requirement, but the amount of the benefit is relatively small (the beneficial volume of
tailwater is less than about 0.8 percent of the delivered water under most likely
conditions). The extra water given for inefficiency compensation reduces the beneficial
tailwater percentages. Table A6a and Figure 6a-14a,b,c show that: 8) the relative
effectiveness of horizontal-leaching is small compared to vertical-leaching and
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essentially insignificant except at very high (and unlikely) levels of Fiw and Feyy. The
results given in Table A6a and Figures 6a-15a.b.c, 6a-16a,b,c and 6a-17a,b,c show that:
9) the total volume of beneficial water is not increased by horizontal-leaching, but the
non-beneficial water volume increases substantially as the tailwater fraction increases.
They also show that the amount of non-beneficial water increases markedly as extra
water is provided for inefficiency compensation. For example, the percent of applied
water that is non-beneficial is about 30 percent and 15 percent when the F,, factor values
are 0.70 and 0.85, respectively. Table A6a and Figures 6a-18a,b,c and 6a-19a,b,c show
that the amount and percentage of applied water that becomes vertical-drainage increases
markedly as extra water is given for inefficiency compensation. For example, the
percentage of applied water that becomes vertical-drainage water increases from about 10
(for F, = 1.00) to about 22 and 38 when F,, factors of 0.85 and 0.70 are used as the basis
for compensation at a LR value of 0.09, respectively. Correspondingly, Figures 6a-~
20a,b.¢c and 6a-21a,b,c show that the amount and percentage of non-beneficial vertical-
drainage increases as compensation water for non-uniformity is provided. Relative to the
total vertical-drainage, the percentage increase in non-beneficial vertical-drainage
increases by about 65 and 85 for F,, values of 0.85 and 0.70, respectively. Figures 6a-
22a.b,c show that the ratio of actual deep percolation relative to the required vertical-
drainage increases markedly as compensation-water is provided to improve irrigation
efficiency. For example, LF;,, is about 3.5 to 4 times greater than LRiugy when F, is 0.70
and the LR value is 0.09; the analogous range is about 2.0 to 2.5 times greater when Fy, is
0.85. Figures 6a-23a,b,c show that that tailwater volume relative to deep percolation
increases, of course, as the tailwater fraction increases and decreases as the compensation
given for inefficiency increases, without being much affected by horizontal-leaching.

If the amounts of inefficiency-compensation water are to be limited in order to prevent
the amounts of non-beneficial water use from becoming unreasonable, then the
appropriate corresponding allowable value of Fy can be determined using Equation [6a],
as demonstrated above, provided a means of determining reasonableness exists (this is
discussed later). The values of F, obtained with this equation for various combinations of
%NBV,y and F,, are given in Table 7 for the example case of an LR value of 0.088.
These results clearly illustrate the interdependency that exists between these variables
and they show that tailwater limits the achievement of low %NBV;,, values and tailwater
use increases the uniformity requirements of the irrigation system (i.e., the vaiue of F,
needs to increase as the tailwater increases), if non-beneficial water use is to be
minimized. For example these results show that at a tailwater percentage of 13, it is not
possible to irrigate without the non-beneficial water use exceeding 15 percent (Fyy =
0.15); furthermore, the required uniformity value of 1.00 for this situation would be
nearly impossible to achieve; F, values are not determined (ND) in Table 7 for NBViy
values of less than 15 percent for the example case, because the latter lower values are
not achievable under such conditions. Given more easily achievable limits of uniformity
(say, F, = 0.9), one could not operate an irrigation system with this amount of tailwater
(15%) without causing about 25 percent of the applied water to be lost as deep
percolation or tailwater (i.e., having about 25 %NBVi,). The corresponding values of the
[N] multiplication-factor to use to multiply ET by, in order to determine the volume of
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delivery water, are also provided in Table 7, in terms of allowable or desirable levels of
%NBVy.

The choice of reasonable values of F,, to use in the above equations is dependent upon
physical and economic considerations. The ability to enhance crop production by
applying extra water for non-uniformity compensation and economic tradeoffs was
estimated by the method developed by Dr R. G. Allen (Allen, 2003a). The practical
ability to achieve various levels of F,, for IID conditions of soils and various optional
methods of irrigation management was evaluated using the infiltration model and
methods of Dr W. R. Walker (Walker, 2003c). These latter models offer the advantage of
providing information that can be directly used to design and manage irrigation systems
as needed to meet the determined required values of F,,. These methods were used to
select practical values of F, to use in the equations presented above, with consideration
being given to crop yield reductions and the economic losses caused by insufficiency of
applied water and of salinity leaching, as well as by the economic losses caused by
excesses of applied water, leaching, aeration and water logging problems and increased
drainage requirements.

It was concluded that the IID situation is very conducive to the achievement of uniform
water infiltration and leaching because the cracking soils allow for a rapid filling of void
space followed by a rapid decline in infiltration rate to very low levels. Thus, the need for
additional water for irrigation non-uniformity and irrigation ineffictency is minimal for
such soils. One can hardly achieve more leaching than that presently being achieved in
such soils; increasing tailwater will not enhance uniformity much nor will it significantly
increase leaching, but it will add to the potential to increase “ponding and scalding”
problems associated with excessive water buildup in the tail-end sections of such fields
(as shown by surface irrigation simulations). It is concluded that the extra water required
to compensate for non-uniformity considerations in the IID is equivalent to only about
the volume obtained by dividing the water requirement calculated assuming
homogeneous conditions of both crop ET and LR by a factor (F,,) of about 0.95. Since the
water that is lost in tailwater does not provide significant beneficial use, it should be
minimized.

The selection of the latter value of 0.95 is supported by the observations that: 1) Bali and
Grismer have successfully demonstrated that alfalfa and Sudan could be successfully
produced in high clay content soils of the IID with tailwater runoff of less than 5 percent
using simple “cutoff” irrigation systems (Grismer, 2003), 2) alfalfa, wheat, sugar beets
and cantaloupes were successfully grown in high clay content soil in the IID without any
tailwater runoff using level basin irrigation (Rhoades, et al., 1988}, 3) Boyle Engineering
concluded that it was practical to reduce tailwater to about 5 percent using tailwater
recovery systems, 4) Dr Wynn (Walker, 2003a, d, d) concluded from his surface-
irrigation simulations that it was practical to achieve 95 percent irrigation infiltration
uniformity in the high clay content IID soils using blocked end irrigation systems, 5)
Harold Payne (Payne and Brown, 2003) concluded from his field observations and
evaluations of the IID situation and Arizona experience that it was practical to reduce
tailwater to 5 percent with only management changes and relatively inexpensive systems
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changes, and 6) the leaching fraction now being achieved in the IID is only about 0.09
(Rhoades, 2003b) and crop yields appear to be relatively good at this level of leaching
(Gabrielsen, 2003). Given this evidence, I conclude that the appropriate value for the
inefficiency factor (Fy) is no less than about 0.95 and that it should increase as the
tailwater fraction increases. I believe that no compensation should be given (i.e., a value
of 1.0 should be used for F,) for tailwater percentages of greater than 15.

Preliminary Sengitivity Analysis of Relations Used to Estimate Irrigation Water
Requirement

A preliminary sensitivity analysis of the relations given in the text and in Table 4a was
undertaken to provide estimates of the relative effects of LR, Fuw, Fotw and F, on these
relations and to acquire information to help direct the undertaking of a more rigorous and
quantitative analysis of sensitivity in this regard.

To facilitate this analysis, additional calculations were made using the equations provided
in the text and in Table 4a to obtain supplementary data to that given in Tables A5 and
A6a for use in the preliminary sensitivity analysis; these additional results are given in
Table A6b (see Appendix). The corresponding plots of the Table A6b data are given in
Figures 6b-01 through 6b-04,

I performed the preliminary sensitivity analysis of these equations by plotting various
water volumes and ratios of interest (using the results contained in Tables AS, A6a and
A6b) obtained for the different combinations of LR, Fw, Forw, F. and examining them to
infer the relative effects of these latter parameters in these equations. The various water
volumes and ratios examined are listed in Table 8, along with approximate indices of the
relative effects that the irrigation-related parameters (LR, Fiw, Faw and Fy) have on the
selected water volumes and ratios of primary interest. These relative indices were
determined by measuring the induced changes in the plotted results caused by each
parameter using a ruler. While time was not taken to perform a more exact quantification
in this regard, I believe the results given in Table 8 are adequate to identify the major
effects and magnitudes of these parameters.

Some of the major conclusions obtained by this assessment are the following ones: 1) Frw
and F, have the greatest potential to affect calculations of water delivery requirements
(RViw and RV y-related water volumes and ratios); 2} LR is the primary parameter,
besides Ve, of course, that affects the determination of the volume of required infiltration
water (R Vinsw), but hotizontal-leaching can reduce this requirement by a smail amount at
high levels of tailwater fraction; 3) tailwater volume and related ratios are substantially
sensitive to non-uniformity compensation; 4) although beneficial tailwater is relatively
small, as demonstrated earlier, its contribution is quite sensitive to the product of
(Fw)(Forw), its importance increases slightly as the leaching requirement increases and it
is not affected by irrigation inefficiency compensation (F,); 5) the volume of total
vertical-drainage (deep percolation) is highly sensitive to Fy, even more so than by LR,
when extra water is provided for inefficiency compensation; 6) the required volume of
vertical-drainage is dominantly controlled by LR, but it is also sensitive to and is reduced
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by horizontal-leaching at high levels of tailwater fraction and F.; 7) irrigation
inefficiency compensation is the dominant factor affecting the volume of vertical-
drainage water and, especially, the amount of it that is non-beneficial (it increases both);
8) inefficiency compensation and tailwater fraction dominate and increase the volume of
total water use that is non-beneficial, and 9} LRiug is reduced , although by a relatively
small amount, in proportion to the product of (Fy)(Few)-

Formal Sensitivity Analysis

Scott M. Lesch (Lead Statistician, Environmental Statistical Services) performed a formal
sensitivity analysis of the mathematical relationships provided in this report. The
complete descriptions of the theory and methodology that he employed in this analysis,
along with the full results, are given in the Appendix. I have summarized his results in
Tables 9a and 9b.

The results of the “Basic Sensitivity” analysis are given in Table 9a in terms of the
percent changes created in the response variables (LRw, LRinfws RViw, RVinfw, RV gy,
BV, TBVw, NBVyw and [N]) as induced by sequential increases (over the ranges
considered) made in the input variables (LR, Fiy, Feow, Vet and Fp). Increases in the
response variables induced by increases in the input variables are indicated by a (+) sign,
while analogous decreases in response variables are indicated by a (-) sign. These results
essentially confirm the conclusions of the preliminary analysis. They show that LR;y,
responds primarily and positively to LR; additionally, LR;y is affected negatively to a
lesser, but relatively substantial amount, by Fe, and to a relatively small amount by Fe.
They show that LR,a, responds to LR and F to about the same degree as does LR,
but much less so to Fyy. The response of RVjy is primarily affected by Fy, is strongly
affected by V¢ and Fy, is only moderately affected by LR and is very little affected by
F.. The estimated volume of RV nsy is not affected by the value of F,,, it is greatly
affected by Ve, it is only moderately affected by LR and it is very little affected by Fiy
and F. The estimated volume of RV, is strongly affected by LR, it is strongly affected
by Ve and moderately affected by Fyy, and Fo,. The calculation of NBVy is greatly
affected by F, and it is very strongly affected by Fe,. The response of the irrigation
multiplier term [N] is very much affected by F, and is quite affected by Fy, It should be
noted that these percentages are highly affected by the values of the input variables
selected for comparison.

The results of the “ANQOVA?” analysis are given in Table 9b, in terms of the value of the
coefficient of each input variable in the multi-linear regression relation applicable to each
response variable. Additionally the correlation coefficient (R?) obtained for each multi-
linear regression equation is given to indicate how good of a correlation was obtained for
each response variable. All of the R? values were excellent, except for BV, The latter
value is less because the relationship is complex and non-linear. These results provide the
best indication of the relative general effects of the input variables upon the response
variables. I will not describe the value of each coefficient for each input variable, since
they are more easily discerned from an ¢xamination of the table. However, [ will
summarize the dominant effects. LRy and LRua, are both primarily affected by LR;

24




O

additionally, LR;y is substantially affected by Fy; neither are much affected by F. RV
is dominated by F,,, whereas RV, is dominated by V. RVinsy is also strongly affected
by LR, although RV, is not. RV, is dominated, of course, by LR; it is little affected by
Ferw. TBVy, of course, is dominated by V and LR. NBVy, and [N] are dominated by F,,
and Fyy.

Estimation of the On-Farm Water-Requirement of IID

I calculated the volumes of water required to be delivered on-farm to meet the crop ET
and leaching requirements for two time periods (1389-1996 and 1993), considering crop
ET, leaching requirement and the need for additional water to compensate for non-
uniformity of water application, infiltration and leaching (as affected by soil properties
and irrigation management) and the percentage of non-beneficial water use, as described
above.

Calculation of IID On-Farm Water Requirement for 1996-1999

The period 1989-1996 was evaluated because it is close to the period 1987-1998 used by
IID to develop its EIR (IID, 2002). Reliable crop, climate and ET information was
available for 1989-1996 in the WST Report (WST, 1988). It was thought that the two
periods were similar enough to make reasonable comparisons. Compositions of Colorado
River water were obtained for this period and used with the WATSUIT-LR model to
determine the IID-wide LR value. These data were discussed earlier (see Tables 1a and
2).

As indicated by the preceding discussions, the estimation of the irrigation water
requirement in the 1ID requires appropriate information of the crop water requirement
(Ve), the effective rainfall (Vyy,), the leaching requirement (LRy,,), the value of Fy,, (Gif
tailwater is allowed), the salinity of the irrigation water, the salinity-tolerances of the
crops grown, the irrigation efficiency, which varies depending upon irrigation
management and the allowable amount of non-beneficial water determined to be
reasonable.

I estimated the on-farm water-requirement for the 1989-1996 situation using the relations
presented in this treatise, for various (for sake of comparison) estimates of Colorado
River salinity (EC = 0.930, 1.143, 1.213 and 1.323 dS/m; 1.213 is the average for the
period), leaching requirement (LRw and the more conservative LRy), tailwater fraction
(5, 10, 15 and 20 percent), crop consumptive use (1806 KAF and 4% more) and effective
rainfall (zero, 50.5, 101 and 151.5 KAF; 101 is the average for the period), and for four
values for the inefficiency compensation factor (0.85, 0.90, 0.95, and 1.0), while
including horizontal-leaching assuming the F, factor is 1.19 for the lID-wide situation
(based on a value of 1.3 for 62% and a value of 1.0 for 38% of the 1ID service area).
These results permit the estimation of the water requirement of the prevalent situation, as
well as what they are under other conditions and an evaluation of the way the IID-wide
water requirement might vary as the salinity of the Colorado River changes, as the
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effective rainfall varies, as crop consumptive use increases and as tailwater use is
diminished. These results are given in Tables 10,.,.

The resuits obtained for the cases where no compensation for irrigation inefficiency is
provided and total crop consumptive use is 1,806 KAF (before adjustment for effective
rainfall) are given in Tables 10,.4 for the four levels of tailwater, four levels of Colorado
River salinity and two estimates of leaching requirements (essentially with and without
adjustment for mineral precipitation) These results, of course, show that the irrigation
requirement increases as the salinity of the Colorado River increases, the leaching
requirement increases, and the tailwater increases. The amount of water required from the
Colorado River, of course, decreases as the effective rainfall increases. Using the
leaching requirement obtained from WATSUIT, the volume of required water for
delivery on-farm is as low as about 1824 KAF, when the Colorado River salinity is 0.93
dS/m, tailwater is 5 percent and effective rainfall is 1.5 times normal. The required water
requirement is as high as about 2115 KAF, when the Colorado River salinity is at its
ultimate maximum permitted level of about 1.323 dS/m, tailwater is only 5 percent and
effective rainfall is zero. Of course, the water requirement would be correspondingly
higher, if higher percentages of tailwater were allowed and if a more conservative value
of leaching requirement were used. The highest water requirement possible for all
combinations (including 20 percent tailwater) considered would be 2605 KAF, when the
crop consumptive use is 1806 KAF.

The results obtained for the cases where no compensation for irrigation inefficiency is
provided and where crop consumptive use is increased by 4 percent to its expected
potential high limit of 1878.24 K AF, are given in Tables 10,4 The minimum and
maximum volumes of required delivery water for all of the combinations considered are
1904.1 KAF and 2709.2 KAF, respectively.

The results obtained for the cases where no water is provided for tailwater (tailwater is
assumed zero) and extra water equivalent to F, values of 0.90 and 0.95, are given in
Tables 10, for crop consumptive use of 1806 KAF and in Tables 10, for crop
consumptive use of 1878.24 KAF, respectively. Compared to the cases where tailwater
allotments of 5 and 10 percent are provided, the irrigation delivery water requirements
are about the same where compensation water equivalent to F, values of 0.95 and 0.90
are provided without tailwater, respectively. The difference is, the excess drainage occurs
as tailwater in the first case and extra deep percolation occurs in the second case.

Many more combinations are contained in Table 10 that could be discussed; they may be
assessed and compared more conveniently using the data provided in the Summary
Tables 10,, and 10,. These summary results are provided to facilitate comprehension and
comparison of the tailwater cases (given in Table 10,,) and of the no-tailwater cases
(compensation cases, given in Table 10,). These latter tables permit one to compare the
water delivery requirements and other irrigation-related water volumes for any
considered combination of Colorado River salinity, leaching requirement, tailwater
fraction, effective rainfail and inefficiency compensation. For these combinations, the
percentages of beneficially used water obtained for the various potential 1ID-wide
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situations fall between about 80 and 95. They provide a suitable basis to compare with
prevalent water usage to determine water conservation opportunities (compared to 11D,
2002). They provide values to use to evaluate the way the [ID-wide water requirement
might vary as the salinity of the Colorado River changes, as the effective rainfall varies,
as crop consumptive use increases and as tailwater use is diminished.

I will now use the above data to estimate the water requirement of the IID under 1989-
1996 conditions (similar to 1987-1998 conditions). This estimate is based partly on the
observations that: 1) Bali and Grismer have successfully demonstrated that alfalfa and
Sudan could be successfully produced in high clay content soils of the 11D with tailwater
runoff of less than 5 percent using simple “cutoff” irrigation systems (Grismer, 2003), 2)
I successfully grew alfalfa, wheat, sugar beets and cantaloupes in high clay content soil in
the IID without any tailwater runoff using level basin itrigation (Rhoades, et al, 1988a
and 1988b), 3) Boyle Engineering concluded that it was practical to reduce tailwater to
about 5 percent using tailwater recovery systems (Boyle Engineering Inc., 1993), 4) DR
Wynn Walker concluded from his simulations that it was practical to achieve 95 percent
irrigation infiltration uniformity in the high clay content IID soils using blocked end
irrigation systems (Walker, 2003a, b, ¢, d), 5) Harold Payne concluded from his field
observations and evaluations of the IID situation and Arizona experience that it was
practical to reduce tailwater to 5 percent with only management changes and relatively
inexpensive systems changes (Payne, 2003), and 6) the leaching fraction now being
achieved in the IID is only about 0.08 and crop yields are relatively good at this level of
leaching (Rhoades, 2003). Given this evidence, I assume that the appropriate value for
the inefficiency factor (Fy) is about 0.95 for the cracking-type soils, without tailwater.,
The other pertinent information is that the crop consumptive use requirement for the
petiod is about 1806 KAF, the leaching requirement is about 0.0854, the effective rainfall
is about 101 KAF and the salinity level of the Colorado River is about 1.213 dS/m. For
this combination of use conditions, the on-farm target water requirement of Colorado
River water on the cracking-type soils is about 1960 KAF (see Table 10,). For the non-
cracking type soils an F, factor of about 0.90 is likely appropriate, without tailwater. The
analogous volume would be about 2067 KAF. The weighted average (District-wide)
requirement would be about 2001 KAF (0.62 * 1960 plus 0.38* 2067). Of course, this
latter volume can be higher or lower depending mostly upon the level of the Colorado
River salinity concentration and amount of effective rainfall. In the longer-term future,
the water requirement may increase as ways are found to eliminate the present limits on
crop consumptive use, as ways are implemented to eliminate tailwater.

I established confidence intervals for the above estimates as follows. [ calculated leaching
requirement values for each separate years total and distribution of crop consumptive use
during 1989-1996, while keeping the Colorado River salinity constant (EC = 1.213
dS/m). The results are given in Table A3 by individual year. The LRw values ranged
between 0.079-0.097. I then calculated the on-farm irrigation water requirements for each
separate year of the period 1989-1996, in two different ways, again while keeping the
Colorado River salinity constant (EC = 1.213 dS/m). In one way, I kept the crop
consumptive use volume constant at the rainfall adjusted crop volume of 1705 KAF; in
the second way, I used the individual yearly volumes of crop consumptive use given in
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Table 1,, which are adjusted for yearly effective rainfall. The results for the first case are
given in Tables 11-1, through 11-1y. The results for the second case are given in Tables
11-2, through 11-2y. The corresponding mean and several indices of variation in the
estimates of LR, requited on-farm delivery (RViy), required deep percolation (RV ) and
tailwater volume (V) are given in Tables 12a and 12b, respectively, for different
combinations of tailwater and leaching requirement. The 95% confidence interval for the
mean LRy (0.085) is about +/- 0.005 and that for the mean RV;,, (about 1964 KAF) with
5 percent tailwater is about 113 KAF, when both LRy and V,, are varied by year. When
Ve is held constant at 1705 KAF and only LRy is varied, the 95% confidence volume for
the RV, (about 1960 KAF) with § percent tailwater is about 11 KAF. Thus, the on-farm
target crop water requirement of Colorado River water for 1989-1996 is estimated to be
about 2005 KAF -+/- about 113 KAF. The primary source of the latter uncertainty is
related to variance in the crop consumptive use; the effect of leaching requirement is
relatively small and insignificant. Additional water is required for the duck ponds and
fish farms; these volumes total about 28,000 acre-feet (see Table 1,).

Calculation of IID On-Farm Water Requirement for 2003

The volumes of water required to be delivered on-farm in the IID service area to meet the
crop ET, leaching requirements and the need for extra water for inefficiency
compensation for the estimated year 2003 are provided in this section.

As indicated by the preceding section, the estimation of the irrigation water requirement
in the I1D requires appropriate information of the crop water requirement (Ve,), the
effective rainfall (V,,), the leaching requirement (LR;,s,), the value of F,, (if horizontal
leaching occurs and tailwater is allowed), the salinity of the Colorado River water used
for irrigation, the salinity-tolerances of the crops grown, the need to compensate for
irrigation distribution and leaching inefficiency, which varies depending upon irrigation
management and the allowable amount of non-beneficial water determined to be
reasonable. The pertinent data for the period 2000-2002 were used to estimate these
parameters and, in turn, the on-farm irrigation water requirement of the IID service area
for year 2003.

With these factors in mind, I estimated the on-farm water requirements for three tailwater
scenarios (15%, 10% and 5% considered reasonable to achieve for 2003 and in about 2
and 5 years from now, respectively) using the relations and logic described in the
preceding sections, for prevalent (average 2000-2002) combinations of crop consumptive
use, leaching requirement, effective rainfall, Colorado River salinity and the value of 0.95
for F,, while including horizontal-leaching assuming the F, factor is 1.19 for the 1ID-
wide situation. These results permit the estimation of the water requirement of the 11D
service area that can be immediately achieved in 2003 by simply adhering to IID’s own
15 percent tailwater regulation (15% tailwater F, = 0.95 case; or simply, 15% 0.95
case), as well as the water requirement given the implementation of relatively simple
inexpensive management practices that can be achieved in about two years (10%_0.95
case) and in about 5 years with somewhat more costly but still practical improvements in
irrigation and cropping management (5% _0.95 case), assuming the salinity of the
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Colorado River, crop ET and effective rainfall values remain similar to those of 2000-
2002.

The crop consumptive use data for 2000-2002 are given in Table 1,. The preliminary
consumptive use data used to determine the leaching requirement are those summarized
in Table I¢. The total consumptive use volumes that were subsequently revised and used
to calculate the water requirements are also given in Table 1¢. The leaching requirement
values based on the earlier data are equally valid for the later data, because the changes in
consumptive use are proportionately the same for all crops. The corresponding Colorado
River salinity data are given in Table 2. The corresponding HID-wide leaching
requirements for the period are summarized given in Table 3;, The LR values for the
individual years 2000-2002 are given in Table A3-2000, A3-2001 and A3-2002 (see
Appendix). Because the salinity of the Colorado River is now lower than it was during
1989-1996, the LRy is substantially lower for 2003 (0.058).

The estimated irrigation crop on-farm water requirements for 2003 and the two other time
periods corresponding to the above data and logic are given in Table 13. For 2003, the
estimated volume (15%_0.95 case) is a liberal one in my opinion (2237.6 KAF,
excluding duck ponds and fish farms). The statistical estimate (see Table 14) of the mean
RV, value based on the meager three years is 2243.5 KAF +/- 14.1 KAF (95%
probability). However, the number of degrees of freedom is too small to justify this
estimate of the mean and of the uncertainty of the mean. The uncertainty in the mean
RV, is too large (about 125 KAF; see Table 12b), because the variation in crop
consumptive use was large over this period compared to the past three years. Thus, this
estimate is likely excessive to apply to the 2003 estimate. The likely uncertainty likely
falls between the two extremes of the two described estimates. Thus, I will estimate the
confidence interval to be twice the difference between the lowest and highest RV,
volumes estimated for the three years, which is about 48.4 KAF (see Table 14). Thus, my
estimate of the required on-farm crop water for 2003 is about 2237.6 KAF +/- 48.4 KAF.
Thus, the total on-farm requirement, including duck ponds and fish farms, is about
2266.1 KAF +/- 48.4 KAF. The corresponding requirements can be reduced by reducing
tailwater with irrigation and cropping management improvements by about 122.7 KAF in
two years and by another 110.0 KAF in about 5 years.

Conclusions, Recommendations and Summary of Results

The above estimates of the past and present IID on-farm water requirements are believed
to be conservative for the following reasons:

1. Salt tolerance threshold values used in the analyses are conservative (on the low
side) causing leaching requirement (LR) calculations to be conservatively high.
As an example, I believe that the varieties of alfalfa now grown in the IID are
more salt tolerant than those grown in the 1960°s and upon which the listed value
0f 2.0 dS/m is based (based on conversations with crop specialists). The tolerance
is likely significantly higher. Furthermore, the salt tolerance values are generally
conservative because plants are more sensitive under the more optimal growth

29




O

O

conditions generally used in these studies compared to actual field conditions,
where other constraints limit their response to salinity. The threshold values
typically are mathematically derived levels of the salinity level at which an
initiation of growth reduction due to soil salinity begin, but which can’t be
discerned or accurately measured experimentally even under the best field test
conditions. Thus, the threshold values used are conservative.

. I believe that most of the deep percolation in IID contributes to the required

leaching. This is because the [ID-wide LR is low {no more than about 0.10) and
so many of the soils have low permeability. This conclusion is supported by the
reasoning given earlier and elsewhere (for example, p. 26, Ayers and Westcot,
1985; Mitchell and van Genuchten, 1993). For a typical irrigation of fine-textured
soils, distribution of infiltration is high, and, thus, deep percolation has high
uniformity and can be credited towards fulfilling leaching requirements. For
typical irrigation on coarser-textured soils, the relatively larger amounts of
incidental deep percolation caused by non-uniformity of infiltration are sufficient
to satisfy all leaching requirements over more than 90% of the field area (Allen,
2003a). The excess deep percolation flows to other fields, where (I believe) it is
partially used by deep-rooted crops. Thus, the LR is met by low amounts of
relatively uniform deep percolation on fine-textured soils and by relatively large
amounts of less uniform deep percolation on coarse-textured soils that are
partially recaptured and used elsewhere.

. Multiple irrigations have higher uniformity of infiltration than do individual

events. Many portions of a field that are under-irrigated during a single irrigation
event tend to have higher than average infiltration rates for a subsequent irrigation
event (because they are more cracked and drier; Walker, 2003a,b). The resuiting
relatively higher infiltration rates encourage relatively greater infiltration depths
for those areas during subsequent irrigation event(s), thereby resulting in more
uniform infiltration across multiple events. As discussed in item 7 below, river
basin-scale salt balances on IID (Alamo River basin) indicate that net, season-
average irrigation uniformity within IID is high, due to physical constraints by
soils (Rhoades, 2003).

. Many fields in IID are prone to having a shallow water table develop during parts

of the growing season and following large irrigation events. This shallow water
can supply a portion of the ET requirement of medium and deep-rooted crops
(Grismer, 2003). Therefore, some of the deep percolation losses computed by
simulation models or as observed during field studies actually contribute
beneficially to the overall ET requirement.

. Because the soil profile has large capacity to accumulate salts, some build up of

salts during irrigation events having low amounts of leaching can be tolerated
over the short term, for example, over a single growing season. The required
leaching is subsequently provided during pre-plant and early season irrigations,
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. Salt balance assessments based on tilewater drainage salt concentrations in the

. The relative “tightness” of heavy soils in IID, following the filling of cracks by

The leaching requirement varies from year to year as the salinity of the Colorado River
changes and as the crop composition changes. For the period 1989-1996, my estimate of
the LRxsv value is about 0.085 (or round off to 0.09); for the estimated year 2003, the
corresponding estimate is about 0.060.

I conclude that horizontal-leaching and tailwater runoff contribute very little to the
required control of soil salinity control and I believe that excessive tailwater enhances the
harmful buildup of soil salinity that is observed in the tail-end sections of some IID

especially after the soil has been dried and tilled following the barvest of the
previous crop (Rhoades, 2002; Grismer, 2003).

. The leaching requirement computed in my analyses is actually higher than

indicated in some calculations, which assumed a zero or nearly zero

tailwater runoff, because there would be no adjustment for horizontal-leaching
and this extra water would increase the volumes of infiltrated and deep
percolation substantially. For example, if the volume of water equivalent to a
tailwater of 5 percent is diverted to deep percolation, it increases the leaching
fraction from 0.1 to 0.145; the corresponding reduction of average soil salinity is
substantial. '

IID strongly support the belief that there are physical limits on movement of
water through soil profiles of IID on a district-wide basis. The apparent leaching
fraction (LF) being achieved within IID, based on salt balances, appears to be no
more than about 0.1, with reference to infiltrated water (Rhoades, 2003). That this
level has not caused undue salinity problems over the long-term for the vast
majority of the district indicates that this physical constraint represents an
advantage to the project efficiency. Thus, the sum of ET plus LR (which is about
0.09) plus 5% extra water in addition to this sum is a realistic and conservative
goal for on-farm water delivery in the IID and probably represents about as much
water as can be effectively infiltrated into the soils on a district-wide average,
leaving some extra water (of the 5%) for small amounts of accidental tailwater
runoff and leaving some water for any increase in ET stemming from better on-
farm water management. This provides a strong argument for the reasonableness
of the "5% equivalent tailwater" scenario.

water during irrigation, tends to beneficially increase uniformity of irrigation.
This conclusion is clearly demonstrated by the data of Mitchell and van
Genuchten, 1993 and Grismer, 2003. The leaching requirements estimated for the
[ID-wide situation are in keeping with this relatively low attainable leaching
fraction. The provision of much more additional water for leaching than that
specified would likely only result in more soil aeration, scalding and water
logging problems, with little benefit to beneficial soil salinity reduction.
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fields. Tailwater should not be encouraged for this purpose; it is too inefficient and
counter-productive to be advocated for this purpose.

Valid equations are provided which can be used to properly incorporate tailwater and
horizontal-leaching effects into the leaching requirement assessment. The effectiveness of
horizontal-leaching in meeting the leaching requirement and tailwater contributing to the
beneficial water use in the IID are minimal, as proven by the equations, data and
assessments provided herein and elsewhere. Since there are inconsistencies in the various
Reports about the reference water to use for the leaching requirement and errors in its use
to calculate the corresponding on-farm water requirement and related volumes, I have
provided a set of valid equations to use to calculate these various water volumes, as well
as their beneficial and non-beneficial components.

Since the leaching requirement is also based on the assumption of a completely uniform
condition of irrigation application, infiltration and leaching across the field that probably
doesn’t exist in most cases, the effect of non-uniformity on these amounts and irrigation
inefficiency should be considered when using LR values to calculate the required
volumes of irrigation water to apply on-farm, provided tailwater amounts are sufficiently
low. For high tailwater situations, such as now prevail in the IID, compensation for non- _
uniformity is inappropriate, in my opinion. !

A means to compensate for the combined effects of non-uniformity in irrigation,
infiltration and leaching, when calculating the on-farm irrigation requirement, is to
increase both the full potential beneficial volume of ET (V) and the full potential
volume of required drainage (i.e., RVgw = [LRips/(1-LRinsn))(Ven)]) using the following
relation: RViy = (Ver)/(1-LRinew)(Fo), where Fy is often estimated to be a factor falling
between 0.85-0.95, depending upon itrigation method and various hydraulic soil
properties. I do not advocate the indiscriminate use of this approach, because it ignores
tailwater and may lead to a form of “double-accounting” and may encourage over-
irrigation and excessive amounts of non-beneficial deep percolation and tailwater runoff,
especially in cracking-type soils. Whether it does or not depends on the value of ¥,
chosen to represent the “inefficiency compensation”, the amount of tailwater and the
method used to calculate the compensation. In fact, the full theoretical beneficial volume
of deep percolation water (RVay) can be provided when the irrigation application volume
is determined without direct inclusion of the LR in the compensation method for
inefficiency, such as when it is determined using the following compensation-equation:
RV, = (Ve (Fy) and typical values are used for Fy (0.75-0.85). Simply reducing
tailwater Tunoff by use of blocked ends will also increase infiltration uniformity, while
reducing the need for extra water applications for non-uniformity compensation. In my
opinion, the value of F,, should be increased (extra water for compensation decreased) as
tailwater increases to keep non-beneficial water use within reasonable limits.

A proven appropriate value of F; to use for the JID situation has been difficult to obtain.
It is made even more difficult because of the lack of a practical proven way to determine
how much of the water application is actually beneficial under real field conditions. The
difficulty and dilemma is that the value of F,, varies with the irrigation system, irrigation
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management, soil infiltration properties, tailwater percentage allowed and some decisions
about how much of the irrigated field should receive optimum water application,
infiltration and leaching (i.e., economic determinations are also involved). The latter
decisions must “weigh” the difference between what is beneficial, what is reasonable and
what is harmful, which includes economic assessments of various off-site environmental
considerations, as well as the in-field technical aspects of crop production and irrigation
and drainage processes. The use of surface irrigation models capable of predicting water
infiltration and leaching (and tailwater runoff) for non-uniform conditions of water
application and soil properties can facilitate the F, selection process, but such use will
probably not be totally sufficient, if it does not include economic considerations
associated with excessive deep percolation (i.e., non-required deep percolation). Until we
have the tools and data to complete a full assessment, I recommend that the approach
used to compensate for non-uniformity of irrigation in estimating water application
requirements in ITD include and give significant weight to considerations of minimum
non-beneficial water use.

Specifically, T recommend that the amount of water to apply on-farm to meet ET plus LR
requirements and to compensate for non-uniformity of infiltration and deep percolation
and inefficiency of irrigation should be constrained by some criterion-value (for example,
10 %) of reasonable maximum permissible non-beneficial water use (the Bureau should
be encouraged to specify such a limit). The value of total irrigation volume for delivery to
IID fields can be calculated, given such a limit, using Equation [5], where RV, is
obtained as (RVjup)/[1-(%NBVy)/100]. Alternatively, the interactions between %
NBVy, tailwater usage and inefficiency compensation may be utilized to first calculate
the appropriate value of F,, using Equation [6a] for the amount of tailwater and %NBV,y,
to be permitted (such as the 10 percent criterion suggested above). Then, the
corresponding amount of dellvery-water is calculated using Equation {4a]. Optionally, the
value of F, can be determined using Equation [6b] and the associated required volume of
delivery water determined using Equation [4b].

An optional approach to the above-described method that could be used to compensate
for the extra water needs associated with non-uniformity and inefficiency would be to
replace the LRy value with the conservative so-called traditional model (LR1); the latter
value would result in higher volumes of applied water compared to the former LR value.
This would reduce, if not eliminate, the need for the compensation for non-uniformity
and irrigation inefficiency. The data presented herein demonstrate this.

Tailwater is not normally considered a beneficial use of irrigation water, although some
have argued unjustifiably that it can provide substantial leaching benefit. Because this
benefit is very small and because horizontal-leaching is very inefficient, tailwater use
should not advocated for this purpose. Additionally, some have argued that tailwater is
required to achieve high irrigation uniformity. While tailwater can enhance uniformity of
infiltration, it is an inefficient method in this regard and it promotes soil salinization
(rather than soil salinity control). Thus, I recommend that RV;,, be estimated solely on the
basis of the reasonableness of beneficial water use (which only includes ET and LR
usage) with minimization of tailwater; and to provide a reasonable amount of extra water
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to compensate for non-uniformity and inefficiency considerations. This will permit the
farmer to determine whether he will allow tailwater to occur, or not, within the confines
of his overall “reasonable and beneficial® allotment. In other words the total allotted
water can be used in any combination of ET + LR + TW, but it should be kept within the
limits of reasonably beneficial, as defined and calculated above.

The on-farm target requirement of Colorado River water for on-farm itrigation of the IID
situation during 1989-1996 is estimated to be about 2005 KAF +/- about 113 KAF, plus
an additional 28 KAF for duck ponds and fish farms. For the year 2003 the estimate of
the reasonable on-farm Colorado River water requirement for the IID service area is
about 2237.6 KAF +/- 48.4 KAF. Thus, the corresponding total on-farm requirement,
including duck ponds and fish farms, is about 2266.1 KAF +/- 48.4 KAF. These
requirements can be reduced by about 122.7 KAF in two years and by another 110.0
KAF in about five years by reducing tailwater with relatively simple and inexpensive
improvements in irrigation and cropping management to 10 percent and 5 percent,
respectively,
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Table 1b. Volumes (AF) of Consumptive Use (CU) by Crop
for 1989-1896 and plus 4% .
crop | average CU ave. CU plus 4%
alfalfa ! 859228 893597
sudan 195362 203176
wheat 114381 118867 T
bermuda 125741 130771
sugar beefs 116140 120788
lettuce-2arly 20142 20048
leftuce-Tate 9505 9885
carrofs 28154 28280
‘cantaloupes-spring | 28782 29933
cantaloupes-fall 5212 5420
alfaifa seed 11578 T2047
coffon 249577 25664
honeydew 3418 3555
walermelon B9Z6 7203
oHionNs 28532 29673
onian seed 7977 0296
— rye-pasiure 17329 8022
[ Oufts & Baney 4933 5130
—Tmsc flald crops™ 4444 4622
— tomatees 15069 15672
potatoas 1689 1787
brocalli 7459 7757
—cabbage 1273 1324
—cauliffower 4766 24857
— - Corrvear 8527 8865
miscgardencrops 110 A274
—asparagus—— 2092t 27888
———Citrus 12560 13062
— jojoba— 7296 7588
—peachtrees 1023 1064
Fpermarent pasture 2817 20930
totals: 1705981 1774220




Table 1c Crop Consumptive Use of Colorado River ', in acre-feet per year

time period
crop 2000 2001 2002 average
alfalfa 810530 823294 843827 825884
sudan 159071 149877 141792 150247
wheat 83307 69626 78146 77026
bermuda 231510 262803 2807386 258350
sugar beets 101656 84401 80952 89003
lettuce-early 14141 13995 15203 144486
iettuce-late 6645 6577 7144 6789
carrots 32696 29457 31051 31068
cantaloupes-spring 15663 13392 13083 14046
cantaloupes-fall 838 1032 1762 1211
alfalfa seed 22706 10043 11051 14600
cotton 19282 44560 30515 31452
honeydew 2666 3281 2300 2749
watermelon 3652 1535 2087 2425
anions 32817 23488 21607 25871
onion seed 12998 6648 6253 8633
rye-pasture 6241 5008 2009 4419
oats & barley 1277 3898 9963 5046
misc field crops 17913 24445 24568 22308
tomatoes 2102 2099 1731 1977
potatoes 4120 3530 2133 3261
brocolli 8961 6721 5976 7219
cabbage 1063 950 868 860
cauliflower 3358 3041 2675 3025
corn-ear 14682 9515 12370 12192
misc garden crops 2634 2745 2357 2579
asparagus 23257 17273 14465 18332
citrus 27302 27161 27671 27378
jojoba 7 7 0 5
peach trees 32 33 33 33
permanent pasture 2434 26833 2781 2616
———siti-totals— 65274 1653068 1677469 1665145
—DBuek-ponds 23363 2364 26005 24664
fish farms 4685 4283 4382 4450
—totalar 1693319 4884465 HFOE496—T—45653666—
—tipdated-totala: 4732040 1720080 7480 4733886—
Lexcioceseffective-taimtat
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Table 2. Average Compositions of the Colorado River (at Imperial Dam), During the Period 1987-2002 !

TDS-180, concentrations in meg/l.
period | EC, dSim| mg/L. Na K | ca | mg ALK [ I SO,
1987 1.001 651.6 4,15 0.12 3.74 2.368 2.88 2.33 510
1988 1.038 674.6 4.52 0.10 3.57 2.35 2.85 2.53 548
1989 1.084 693.7 472 0.10 3.90 2.32 2.81 2.64 571
1990 1.151 754.6 5.17 0.11 4,08 2.41 2.94 2.99 6.00
1891 1.217 802.7 £5.47 0.12 4.35 2.77 3.01 3.30 6.17
1992 1,224 824.8 5.66 0.13 439 2.83 303 3.38 6.40
1993 1.238 824.6 6.01 0.13 429 2.75 2.93 3.51 6,29
1994 1.251 844.7 5.85 0.13 4.47 2.80 2.93 3.52 6.42
1995 1.267 834.2 5.94 0.13 4,32 2.74 2.98 3.59 6.44
1996 1.245 8304 5.57 0.13 4,21 264 2.95 3.60 6.27
1997 1.148 752.6 5.20 0.12 4.05 2.41 2,87 2.99 573
1998 1.053 676.3 4.37 0.10 3.87 2.43 2.82 2.51 548
- 1999 1.080 685.7 4.72 0.11 3.97 2.31 2.94 2.63 5.75
2000 1.0589 684.3 4.58 0.11 3.93 2.29 295 2.61 5.22
2001 1.102 713.7 4.97 0.10 3.98 2.41 2.83 2.84 5.54
2002 1.110 695.7 477 0.11 3.97 2.42 2,98 2.86 5.54
1989-1996 1.213 803.9 577 0.12 4.26 2.66 295 3.33 6.23
1987-2001 1.143 749.5 5.22 0.12 4.07 2.52 297 3.00 5.86
2000-2002  1.091 698.1 477 0.11 3.96 2.38 2.92 277 5.44

' USBR Yuma Desalting Plant Laboratory; average of approximately 24 samples per year
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Table 3a. Salt-Toterances, Volumes (in AF} of Consumptive Use {CU), of Required Deep Percolation (RV 4,) and of Required Infitration
Water {RVoy,) and individual and lID-wide Leaching Requirements (LR ine)s for 1989-1996 CU & EC ;, of 0.930 dS/m

crop EC, * LR; LRy" | average CU RV g1’ RV’ RV, er” RVirrwn”
alfalfa 20 0.103 0.048 859228 98167 41409 957355 900637
sudan 28 0.071 0.022 195362 14068 4362 210328 199724
wheat 6.0 (.032 0.004 114397 3781 465 118172 114856
bermuda 69 “0.028 0.003 125741 3583 375 1243247 126116
sugar beets 7.0 0027 0.003 116740 3259 335 119399 |7 916475
letiuce-early i3 0367 0119 20142 4037 7727 24179 22869
fettuce-Jate i3 0.167 0779 9505 1905 1287 11410 10792
carrots T.0 0.229 A3 28154 8330 7621 36493 Isrrs
"'cantaloupes-spring 107 0.229 0.213 28782 8525 7781 i 37307 36573
" cantaloupes-Tall 1.0 0.22Y9 0.213 5212 1544 1411 6756 6623
‘aifata seed 2.0 o037 0.046 11578 1323 558 12901 127136
cotton 7.7 0.025 0oz 23577 626 58 25303 23735
horieydew T.O U229 013 33718 12 925 4430 I343
watermelon T.0 0,229 L ) 6926 2051 T875 8977 BB
onions T2 07183 U142 28532 6409 4735 A9 33267
[~ onion saad 0 0.229 0213 7977 2363 2159 10330 TOT36
[ Tya-pastuie [ 0025 ooz 17329 445 L. ¥4 17775 LEETA
[ oats & barley 50 0:024 o002 4933 T20 T1 5053 4044
[ misc el Trops 4.0 0049 (UL 444 228 45 4672 4489
tormatoes 25 0080 0.028 15069 317 435 16386 5504
potatoes 1.7 0123 0066 1689 237 ML 1926 1808
[ brocolli Z8 0071 0.622 7454 571 167 8030 7628
cabtrage 1.8 0115 0:056 1273 a6 78 1438 a5t
[ cauliflower 28 074 3022 4766 365 =106 5131 4872
com=ear 7 123 .066 8527 et 601 9721 9128
—miscyardencrops t.8 0115 0.058 A1) 535 253 4845 4363
- asparagus 31 0:048——0.009— 26921 1343 255——T 282684 27176
citrug 13 187 .18 12560 2517 1760 15077 = 14260
Tojoba 4 6:049 3010 7246 74 3 T670 7369
peachrirees 7 0:123 0666 1023 43 7 166 1H085—
- re 56 0-634 3005 2817 108 43 2017 2836———
totals: 1705981 171547 82064 1877528 1788045

lID-wide LR 5,5 = total RV g7 / total RV .y = (171547)/(1877528) = 0.091369

IID-wide LR oy = total RV 1 / tofal RV w = (82064)/(1788045) = 0.045896

* obtained from Maas and Grattan (1998} in dS/m

b LRiny,y @Nd LRy, v are the individual crop LR oy, values for the Traditional (T) and WATSUIT (W) models, respectively .

° RV g1 and RV, w are the required drainage volumes corresponding (o LR a1 and LRy w values, respectively.

N RVisa 1 and RV iy are the required drainage volumes corresponding to LR iyt and LR 4w values, respectively
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Tabla 3b. Salt-Tolerances, Volumes {in AF) of Consumptive Use {CU), of Required Deep Percolation {(RV 4} and of Required Infitration

Water (RVys,) and Individual and ID-wide Leaching Requirements (LR for 1988-1996 CU & EC,, of 1.143 dS/m
crop EC, * LR,® LRw’ | averageCU | RV,,:° RY gt RVioser” RVintwr”
alfatfa 240 0.129 0.067 859228 127314 61868 986542 921096
sudan 28 0.089 0.032 195362 19063 6398 214425 201758
wheat 6.0 0.040 0.006 174391 4718 666 119109 115057
bemiida 59 0034 0.004 12573417 | 4481 535 130202 126276 |
sugar beefs 7.0 0034 0.004 116740 4058 478 120198 116618
lettuce-early 13 0.213 0176 20742 5463 4292 25805 24434
letiuce-Tale 13 0.213 0976 |7 9805 [ 2578 2025 12083 11530
carrols 10 0.256 0315 28154 11857 12973 40011 4117
cantaloupes-spring 10 0296 " 0315 28742 12922 13262 40904 42044
canfaloupes-fall 1.0 0,206 0.315 5212 219% 2402 7407 614
- alfalfa sead 20 0.7T25 0.087 11578 17186 -Kr 13294 12472
|~ cofton” 7.7 003 0003 24877 779 B2 25456 24759
hareydew TO 0.295 0.315 3418 1439 1575 4857 4993
watermelon T.0 U295 U315 5926 2977 I 9843 10117
onons. 2 U235 0 28532 8781 7584 37313 16
[ Omon seed T.0 0256 07315 7977 3360 3676 1337 116563
— Fyg-pastere 76 0031 0003 17329 555 59 17854 7388
[ oats & bamey {80~ 0029 0003 4933~ 50 15 5083 T4
[ miscield cropy— 40 00671 0014 #4244 287 64 4731 N -1t R
tomatoes 25 0101 0031 15069 1686 64t 16755 RE T 1Y E—
[ putatoes (N4 0158 0087 | 1680 It 180 2000 ——1869
brocotii 28 0089 0.032 A8 [ 728 — 204 Bt8F | 7703
cabbage T8 0145 0:085 1273 4 A I— Tt 490 1391
[—Cauliftower 28 0089 0:032 47668 485 156 5251 —4f22—
Corm=gar— 1.7 o155 0087 8527 1568 Ot 1008518438
[—miscgardencrops 1-8 0145 085 A1) FO0 382 481G 4492
———aSparagus #-1 {059 o0t 269211 —1689—1—369 28610 27290
cirus 1.3 213 G178 12560 0T 2676 15967 15236
jojoba 4.0 0.061 G014 7296 474 106 TI67 7402
—peach-treas 17 0155 0:097——1023——1—180—————10¢ 1214 e
—permanant pasture 5.6 :043——0.007 28417 125 19 2042 2836
totals: 1705981 225365 127891 1931346 1833872

D-wide LRinyy 1 = total RV, 1 / total RV o, 7 = (225365)(1931346) = 0.116688

lID-wide LRy w = total RV, 1 / total RVinne = (127891)/(1833872) = 0.069738

* ebtained from Maas and Grattan (1999) in dS/m

" LRingr 8N LR,y ave the individual crop LRy, values for the Traditional (T) and WATSUIT (W) models, respectively .

RVd.,,T and RVy,w are the required drainage volumes corresponding to LR IntwT 8Nd LRy Values, respectively,

Rvm,T and RV are the required drainage volumes corresponding to LR intw,r 8N LR oy values, respectively




@

Infitration Water (RV ) and Individual and iD-wide Leaching Requirernents (LR ;). for 1989-1996 CLI & EC

Table 3c. Salt-Tolerances, Velumes (in AF) of Consumptive Use (CU), of Required Deep Percolation (RV 4.} and of Required

of 1.213 dS/m

crop EC, ° LR;® LRy |average CU| RV, RVaen® RVip 1 RVionew
alfalfa 2.0 0.138 0.079 859228 137608 73904 996836 933132
sudan 28" 0.095 0.037 105362 20475 7470 216837 7T 202832
wheat 60 0.042 0.007 114351 5032 - 748 119423 TTM1ET38
bermuda 6.0 0.038 0.005 125741 4755 558 130498 126339
sugar besis 7.0 0.036 0.005 116740 4325 534 120485 116674
lettucé-early 1.3 0229 |7 0211 20142 AOO7 | 5380 26139 25531
leffucelste 13 0.229 0.217 9505 2830 2543 12335 12048
carrots 10 0.320 0,383 287154 13768 17511 41422 45665
cantaloupes-spring |~ T1.0 0320 0,383 28782 13564 T7902 342345 46684
canfaloupes-fall 1.0 0.320 0383 52712 2456 3242 7063 8454
altalfa sead A 0.138 0.079 11578 1854 096 13432 12574
cottoii - 17 0.033 0004 24677 B30 L1y 26507 24768
honeydew B ] 0320 0383 3418 1811 2126 5029 5543
“watermelon 4 U320 07383 6026 32644308 0190 11234
onions 1.2 U253 0253 28632 68 9676 38216 38208
[ onion seed T.0 0.320 0383 7977 3759 4962 1736 12939
[ rye-pastura 78 0033 0:004 17329 591 66 17920 T7395
| oats & txariey 80 003 0003 4933 59 17 5092 4950 |
[— misc fsld crops 4 G065 AR TF 1) 4444 307 74 4751 4518
[ tomatoes 2.5 0107 0048 15069 1514 754 16883 5823
potatoes (I 0:186— [ OFt5—| 1689 337 219 2026 1908
[ brocoll 28 0:085 0037 7459 782 285 §241 7744
cabbage 8| G158 0101 1273 235 142 1508 1%*t5
[ cauliftower 2:8 085 0037 47688 499 182 5265 L3 T a—
corn=ear 17 0-166 - tt5 §527 1703 104 10230 983t
“miscgarden crops 18 0156 i i) #t10 758 480 4888 4570
———asparagus |44 0.063 005 [——26921 1807 123 28728 27344
citrus +3 0:228 024 12560 3746 3360 16300 15820
jojoba 4 0-065 0.016 7296 504 121 7800 7417
peach-trees 17 0166 15 1023 204 132 1227 1155
A re 5.6 {045 £.008 2817 134 22 2 —2839———
totals: 1705081 244885 159363 1850866 1865344

ID-wide LRips,r = total RV y, 1 / total RV, r = (244885)/(1950866) = 0.12553

I1D-wide LRy, w = total RV / total RVion,w = (159363)/(1865344) = 0.08543

.| obtained from Maag and Grattan (1999) in dS/m

b LRyt @nd LR psyw are the individual crop LR, valuas for the Traditional ({T) and WATSUIT (W) modsls, respactively |

i RV% 7 and RV, are the required drainage volumes corresponding ta LR .7 and LRy w values, respectively,

‘ RV qp.r and RVinnw 2r& the required drainage volumes corresponding to LR 7 and LR e v Values, respectively




Tabte 3d. Salt-Tolerancas, Volumes (in AF) of Consumptive Use (CU), of Required Deep Percolation (RV 4,) and of Required

Infitration Water (RV,) and Individuat and [ID-wide Leaching Requirements {LR ;). for 1989-1996 CU & EC,, of 1.323 dS/m
erop EC, * LRy’ LRy’ |averageCU| RVg@r® | RVauw' RVt RV’
alfalfa 2.0 0.153 0.092 856228 154610 86538 1013838 945766
sudan 28 0.104 0.043 195362 22773 8778 218135 204140
wheat 8.0 0.046 0.010 114391 5516 11585 119907 115546
bermuda ' 6.0 0.040 0.010 125741 5239 1270 130980 127017 |
“"'sugar beels 70 | 0.03% 0.070 116140 4713 1173 120853 117313
lettuce-early 13 0.756 0.245 20142 T B9AT 6536 27073 26678
leftuce-late 13 0.258 0.245 9505 3z 3084 12776 i 12589
cairofs 1.0 0.360 0.440 28159 15837 22724 439 50275
cantalolpes-spring TG 0.360 0.440 28782 16180 22814 44572 51396 |
cantaloupes-fall” 1.0 0,350 0.440) H2Z212 2932 4095 8144 9307
"alfalfa seed " estZ.0 0.153 0.08z2"" 11578 208377 T8 {T 13BBT 12744
cotion 7.7 UU3E 0.0 24877 g1 249 25588 28926 |
honeydew est 1.0 0360 U440 3418 1923 76586 53471 6104
watermialon est 1.0 0360 U440 69265 3896 5442 1822 12368
ofilons T2 0283 0,280 28532 11256 17654 39788 40Tes
Giiion seed T 0360 U440 7977 4487 6258 2364 4245
— Tye-pasture 76 0038 o010 17329 5% 175 17978 7504
[ oats & baray 80 0034 0010 4933 TS 50 5108 4983
[ Tisc figid crops | est4.0 007 0020 4444 339 ot 4783 4535
[ tomatas 25 018 0.055 15669 2024 877 T7093 15946
potatoes 1.7 0184 0135 1889 382 264 2071 1953
— brocoit— 28 07104 0043 7459 869 335 8328 7794
catiage— 8 0172 o120 1273 265 174 1538 447
T cauiiffiower  ——[ast 2.8 O 1044 o043 47686 556 214 5322 4980
[-—cormeear 7 0184 135 86527 ~—1827 1331 10454 L2151 R—
miscgarden-crops T est-1:8 6172 0120 4110 856 560 4366 4670
—asparagus 41 0688~ 00207 26892+— 1995 549 28918 27470
citrs 13 0.256 0:245 12566 4322 4076 16882 16636———
jojoba ~est4-0——0:.074 0026 7286 556 1 7852 1445
—peachtrees +7 0184 6135 1023 234 166 4254 1483
Fpermanent pasture |-est5-6—1—0-050 8:010 2847 147 28 2064 2845
totals: 1705981 277858 193862 1983839 1899843

IID-wide LR,y = total RV w1 / total RV, r = (277858)/(1983839) = 0,140

[ID-wide LR o = total RVaw,r / total RVianw = {193862)/(1899843) = 0.102

“ obtained from Maas and Grattan {1699) in dS/m

b LR,y @nd LRy are the individual crop LR, values for the Traditional (T} and WATSUIT (W) models, respectively .
RV gy 7 8Nd RV, w @re the required drainage volumes corresponding to LR iyt and LRy, w values, respectively.

¢ RVinsw,r and RVian w are the required drainage volumes corrasponding to LR intw,T 3Nd LR oy Values, respectivaly
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Table 3e. Salt-Tolerances, Volumes (in AF) of Consumptive Use (CU), of Required Deep Percolation (RV 4} and of Required Infitration
Water (RViy,) and Individual and 1ID-wide Leaching Requirements (LR intw); for 1989-1996 CU+4% & EC ., of 0.930 dS/m

Ccrop EC.- @ LRTb LRwh average cu Rv”:rc RVMW': Rvinm_'[d Rvinmlwd
alfalfa 2.0 0.103 0.046 893597 102094 43065 995691 Q36662
sudan 28 0.0m 0.022 203176 15565 4537 218741 207713
wheat 6.0 0.032 0.004 118967 3932 483 122899 115450
bermuda 6.9 0.028 0.003 130771 | 73726 380 134497 131161
sugarbeets 7.0 0.027 0.003 120766 3390 349 124176 121135 '
lettuce-early 137 0.167 0.17% 20948 4169~ 2836 25147 1
lettuce-late 1.3 0187 0.119 9885 1981 1338 11868 19223 |
carrols 10 0229 0.273 292807 3672 7926 37952 I7208
- éantéloupes-spring 10 0229 0.273 29933 8858 8103 38799 38036
cantalGhpes-fall 1.0 U229 0.273 5420 1605 1467 T025 BBBY
[ alfalfa seed 2.0 0703 0046 T2047 1376 580 13417 12621
cotion 7.7 0025 0002 25664 B51 B0 26315 25724
- licheydew 1.0 U229 02713 3555 1053 862 4608 517
watermeion 1.0 U229 U273 7203 2133 1950 5336 L4 %)
dnions 12 0183 07142 29673 GEES 4924 36339 3597
[ onion sesy T 0229 0213 8296 2457 2246 10753 10542
[ To-pasturs 76 0025 0002 T8022 464 43 18486 18085
[ dats & barlay 80 0023 0002 5130 125 11 5255 5141
"~ miscigit-srops 40 49 HAULY 4622 237 46 4859 4668 |
— tomatoss 25 0.080 0028 15672 1370 253 17042 B L) - T—
putatoas (T4 0123 065 1757 246 124 2003 T88t
brocoil 28 0.071 0,022 7757 804 173 8351 7930
[ —Tcablrage .8 oty 0.088 1324 72 82 o6 1406
—caufliffower 2.8 G071 9.022 4857 380 Tt 5337 5088
T COIT-Ear 17 0123 {066 £868 1242 625 ot 83—
—mise-gardencrops” +8 0115 0058 4274 557 —2B3 4831 4537
[ asparagus— &+ [—0:048 0-00% ~27598— 1367 — 256 29395 28264
itras— +3 3:167 &-H8 13062 2618 1768 15680 14836
————jojoba 4.0 3-048 G010 TE88— 389— 76 77 ThE%
—peachtrges—- 17 8:1423 066 1064 48 75 1213 4139
pormanentpasture 5.6 6034 0:.085 2936 104 4 3034 2844
totals: 1774220 | 178409 85346 1952629 1855566

ND-wide LR,y = total RV g,y / total RV, .7 = (178409)/(1952629) = 0,081369

ND-wide LR npyyw = total RV, 1 / total RV = (85346)/(1859566) = 0.045896

* abtained from Maas and Grattan (1999) in dS/m

B LR @Nd LRy, are the individual crop LR iny VaIUes for the Traditional (T) and WATSUIT (W) models, respectively |

° RVawy and RV, are the raquired drainage volumes correspanding to LR 4,7 and LR.yww values, respectively.

s RVintw.1 8nd RV, w are the required drainage volumes coiresponding to LR,y and LR ., w values, raspectively




Table 3f. Salt;Tolerances, Volumes {in AF) of Consumptive Use (CU), of Required Deep Percolation (RV 4} and of Required Infitration
Water (RV ) and Ingividual and ID-wide Leachin

Requirements (LR ). for 1989-1996 CU+4% & EC ,, of 1,143 dS/m
crop EC, ® | LR LRy’ | average CU | RVaur® | RVayy® RVigtw1" RViowsw”
alfalfa 20 0.129 0.067 893597 132406 64343 1026003 957940
sudan 28 0.089 0.032 203176 19825 6652 223001 2059828
""" wheat 5.0 0.040 0’006 118967 4907 892 123874 118659
bermuda 6.9 0.034 0.004 130771 4640 556 135417 131327
sugar beels 70 0.034 0.004 120786 4220 4987 125006 121284
Iettuce-early 13 0.213 0178 20848 5682 4464 26630 25412
lettuce-fate 13 0.213 0.176 9885 2681 2106 12565 11951
carrofs 1.0 0.296 0315 29280 12331 13492 41611 42772
cantalaupes-spring 1.0 0.298 0.315 29933 126086 13783 42539 43728
cantaloupes-fall 1.0 0296 U315 5420 2283 2497 7703 7977 ]
alfalfa séad 20 U129 ouE7 T2047 1784 867 13825 12908
cottan 7.7 U031 oun3 25569 810 85 26479 25749
hongydew T.0 0:296 03715 3555 7 497 1638 5052 5193
| wWatermelon T 298 07315 7203 303 3319 10237 TO522
oniong T2 U235 Uty 286573 o132 7888 38605 375671
[ onion gead 170 0296 0315 8296 3494 3823 90 2119
[ rye-pastlre 76 IRIKY | 0003 L 7Y 577 62 18599 | t808s ]
[~ oAtz & barey— 80 0029 ro03 5130 165 i L3] 5285 5146
[ i el crops 4.0 o0GT AV LS 4622 298 67 48920 —4689
[ tomEtoes 2.5 0101 0.031 18672 T794 GO7 17426 16339
[ potatoes 17 0158 0.087 757 323 188 2080 1645
[ brocoti 28 0089 0032 7757 757 254 8514 301t
cabbage t.8 AL 0085 1324 225 123 S 147
[ —camliffowar 28 o088 o032 4957 #84 152 22 | 18
I -comrear +7 015850087 8868 1831 a7 499 9815
—miscgardererops +8 G5 0085 #4274 728 o7 5002 4674
[ asparagus 4:1 0058 G014 ~27988 1757 384 20755 28382
citrug +3 0213 176 13062 3543 2783 16605 5845
———~—jofola 4 0.064 001 7588 % +10 8678 [-——7688
—peacihrirees +7 0-155 097 — 1064 ——186 144 1268 +178
permanent pasture 5.6 5:042 6867 2936 130 26 3060— 2058—
totals: 1774220 234380 133007 2008600 1907227

lID-wide LR, v = total RV, 1 / total RVinw1 = (234380)/(2008600) = {.116688

NID-wide LRinww = total Va1 / total RViu,w = (133007)/(1907227) = 0.069738

* obtained from Maas and Grattan (1999} in dS/m

b LRiny.1 and LR s, v are the individual crop LR 1, values for the Traditional (T) and WATSUIT (W) models, raspectively .

i R\@:,T and RV, are the required drainage volumes corresponding to LR infw7 AN LRyor, o values, respactively.

4 RVinse,r and RV 4,1y are the required drainage volumes corresponding to LR wotw1 8N LR 0w values, respectively




Table 3g. Balt-Tolerances, Volumas (in AF) of Consumptive Use (CU), of Required Deep Percolation (RV  4,) and of Required Infitration
Water (RV ) and Individual and lID-wide Leaching Requirements (LR i), fOr 1989-1996 CU+4% & EC,, of 1.213 dS/im

crop EC, * LR;" LRy |averageCU| RVy:® RVan’ RVipp1? RV
alfalfa 2.0 0.1380 0.0792 893597 143112 76860 1036709 870457
sudan 2.8 0.0949 G.03683 203176 21294 7760 224470 210845
wheat 6.0 0.0427 0.0065 118987 5233 178 124200 119745
bermuda 6.9 1700364 0.00473 130771 4946 621 N 135717 131392
sugarbeets |7 7.0 00355 0.00458 120786 4488 556 125284 121342
lettuce-garly 13 02294 0.21108 20948 8237 5605 27185 26553
lettuce-Tate 13 0.2294 0.27108 ‘98BE 2043 2645 T 12828 12530
carrots 1.0 0.3203 "} 0.38347 | 29280 | ~ 13798 18292 43078 47497
cantaloupes-spring 0 0.3203 0.38347 29933 14106 78618 44039 48557
cantaloupes-Fal 10 0.3203 0.39347 5420 2554 337 7974 8791
| alfalfa seed Z0 0. 1380 0.0792 12041 1928 1036 13969 13077
cofton 7.7 00325 U.00369 25664 863 95 26527 25759
honeydew T 0.3203 030347 3555 1675 ZZ1M 5230 5766
watermsion 1 0:3203 U.38347 7203 Cil:r o 4480 10597 11683
[ onions 1.2 02534 025325 9673 10071 10063 39744 39726
[ onion seed T.0 03203 038337 B296 3909 5160 12205 13456
[ ye-pastme 76 00330 00038 8022 615 69 8637 L1:14;° ) I
[ cdts & barley 8.0 00313 U.00338 5130 T66 17 5296 5147
[—misc figkitraps 4 [ 00646 001636 4822 3t 77 “A94T | 4689 |
[ tomEtoes 25 01075 0047657 15672 1887 784 17559 16456
[ potates 1.7 01665 o464 UET 351 228 FAL ) TO85
[ brocofti 238 00948003683 7757 813 287 8870 8054
—-cabbage 8 01558 O 10088 1324 244 48 888 13472
[~ —caufifftowar 28 00948 0036834957 520 190 5477 S 7 a—
[ Tomeear 1.7 01665 O-H464 46688 1771 148 10838 10618
—Trisc garden craps +8 1558 10068 4274 788 478 50683 4752
[——asparagus #:1 0629 GO1546 27598 18759 440 —29877 28438
[ —citrus | -~+3— 02294021168 13062 3888 —3485— 1 16557
jojoba 4 0646 G-01636 7588 524 126 8112 774 -
peachtrees +7 046650 hi64 1064 212 136 1276 1202————
—pearmanent pasture 5.6 00453 0-00761 2830 139 22 36 2352
totals: 1774220 254680 165737 2028900 1939957

HD-wide LRy = total RV, 7 / total RV, 7 = (254680)/(2028900) = 0,12653

ID-wide LRy = total RV .y / total RV, = (165737)/(1930957) = 0.08543

" obtained from Maas and Grattan (1998) in dS/m

N LRintw,r @nd LRy, are the individual crop LR |, values for the Traditional {T) and WATSUIT (W) modals, respectivaly .

° RV, 7 and RV, are the required drainage volumes corresponding to LR i, 1 and LRy, w values, respectively.

a Rvmr and RV, w are the required drainage volumes corresponding to LR intw.T @Nd LR j4p, v values, respectively




Table 3h. Salt-Tolerances, Volumes (in AF) of Consumptive Use (CU), of Required Deep Percolation (RV 4} and of Required Infitration

Water (RV,) and Individual and lID-wide Leaching Requirements (LR i), for 1989-1996 CU+4% & EC ,, of 1.323 dS/m

{288972)/(2083192) = 0.14008

crop EC, * LR, LRy® | average CU | RVy,r® RV RVt 1" RVisn”
_ alfalfa 2.0 0.1525 0.0915 893597 160795 89959 1054392 883596
" sudan 28 0.1044 0.0430 203176 23684 9129 226860 212305
wheat 6.0 “0.0460 0.0700 118967 5736 1202 124703 120169
bermuda 6.9 0.0400 0.0100 | 130771 | 544y 1321 136220 ~ 132082 )
sugar beets 70 0.0390 0.0100 120786 | 4802 " 1220 125688 122006 |
T leftuca-early 13 0.2560 0.2450 20948 7208 6798 28156 27746
lettuce-late 13 0.2560 0.2450 9885 1 3407 3208 132885 13083 |
carrots 1.0 0.3600 0.4400 25280 16470 23006 45750 5272886
cantaloupes:spring 10 0.3500 " | 4400 25933 16837 23519 46770 83452
cantalolipes-fall 1O 0.3600 04300 (75420 [T 3039 4259 8489 OE79
aifalta seed astZU 0.1525 0.0915 12047 2767 213 14208 13254
cotion ¥4 T.0356 U000 25564 947 259 28611 25923
[ Honeydew est 1.0~ |~ 0X3610 04300 3555 2000 2793 5555 6348
[ Watermelon ast .0} 03600 04400 7203 4052 561 11255 12863
’ ONIGHS 172 02529 0. 2900 — 29673 TI706 TIT20 ATITY 41793
[ onion Seed RY 03600 [ 1) 8296 4867 G518 12863 14814
Tys-pasiure 7.6 00361 0.0100 T8022 675 1862 L 13" F A A [ </ - Sam—{
[ Uats & bariey— 8.0 00342 00100 5130 182 52 5312 5182
[ miscfisidcrops | 88t4.0{ 00708 070200 4522 352 94 4974 4716
[ tomatoes 25 [USNE: 00550 16672 2105 g12 (NEEE] 16564
[ putstoes 1.7 01843 01350 1757 397 274 2143 ] E——
[ brocolli 28 O 00430 7757 904349 8861 3106
[ cabbage— 1.8 1723 01260 1324 276 181 1660 1565
[~ —cafiflower — T Bst2:8 01044 00430 4857 578 223 5535 5180
B 1.7 01843 0;1350 8868 2004 1384 10872 10252
—Tiscgarden-crops | est1:8 G 172301200 4274 890 583 5164 4857 —
asparagus 41 0.0800—+—0:0200 27 2675 571 30073 28588
“citrus +3 (:2560 02450 13062 #4594 #4239 17556 17301
————Jojoba- est4.0 0.0766 8:0200 7588 578 155 9166 7743
—~——penchtrees 17 0:1843 31350 i 240 166 1304 1230
[permanent pasture——est-56—1—0-:0496 3.0160 2530 153 38 3083 2960
totals; ! i 1774220 288972 201616 2063192 1975836
IID-wide LRy, 7 = totdl RV, / total RV, 2

ID-wide LRww = total RV, 7 / total RV u,w = (201616)/(1975836) = 0.10204

* obtained from Maas and Grattan {1999) in dS/m

b LRjnp 8N4 LRjyg, 1y are the individual crop LR i, values for the Traditional {T) and WATSUIT (W) modals, respectively.

° RV g7 &0 RV, w are the required drainage volumes corrasponding to LR iotwr ANd LR, vElUES, respectively.

i RVinne1 81 RV g, are the required drainage volurnes corresponding to LR intw.1 @Nd LR jup, v vailes, respectively




Table 3, Salt-Tolerances, Volumes (in AF} of Crop ET, of Required Desp Percolation (RV 4,) and of Required Infiltration Water

(RVyr) and Individual and 1ID-wide Leaching Requirements (LR ), for Year 2000-2002; EC ., of 1.0908 dSim
crop EC, ° LR,® LRy’ |averageCU| RVugur RVauw' RVippwr" RV
alfa¥fa 2.0 0122 0.060 825884 115238 53025 941122 8789049
sudan 28 0.085 0.028 160247 13869 4348 164118 154505
wheat 6.0 0.038 0.005 77026 3021 386 BOO47 77a12
bermuda 6.9 0.033 0.004 258350 8721 49473 267071 pLivIo N
sugar beets 7.0 0.032 0.004 89003 2055 314 91982 89317
letfuce-sarly 13 0.202 0780 14445 J549 2758 18085 | 17204
lettuce-late 13 0.202 0.7 6789 1713 1256 8504 B0BS
" carrols 1.0 0.27% 0.201 31068 12026 12732 43004 43800
“cantaloupes-spring 1.0 UZ79 0291 14048 5437 5756 19483 19802 |
cantalcupes-fall 10 D274 0.291 1211 469 456 "{6B0 1707
alfalfa seed 20 0122 [AR0:14) 14600 ZU3T o37 16637 18537
cotton - T.7 Ldd 0.UU3 31452 ydb oy 32397 31541
[ honeydew T.1F [ g 291 2739 1064 TTLf 38713 38706
[ watermelon TO 0279 U291 2425 939 oy 3364 3ATY
onions T.2 0222 0192 25871 7392 6156 33263 32027
[ onlsh s&ed T0 0279 0.291 8633 3332 3538 1976 T2171
—ryeTpasture 76 0030 o003 4419 135 13~ 4554 4432
T yats & bariey 80 0028 0003 5046 146 13 5192 5059
-~ TilsC flaid crops &0 0.058 0.013 22309 1366 283 23675 22592
““““ —ionEtoEs 25 0056 0036 1977 209 75 2186 2082
T potatoEs 1.7 0147 0.087 3261 563 312 824 3573
broeoiif 28 0085 0028 7219 666 209 7885 7428
cabbage 18 0138 0077 1960 154 80 T4 1040
—Cantiftower— 28 0-085 £:028 3025 279 88 3304 3T43
CoTFear 7 0,147 0087 12192 2105 1185 14257 13357
—miscgardencrops 18 0138 0:077 2578 41% 214 2992 2793
[—asparagus %1 0:058 o012 18332 1092 220 18424 18552
citras 13 06:202 0:160 27378 6916 5227 34294 32605
jojoba 45 0.:058 0613 & {5 O 5 5
peach-trees +7 0147 6.607 33 5 3 39 36
-permanent-pastire 5.6 6:041 £:066 2616 441 15 2797 2631
totals: 1665151 196981 102812 1862132 1767963

ID-wide LR ey = total RV .7 / total RV, r = (196981)/(1862132) = 0.105783

ID-wide LRy w = 10181 RV gy 1 / total RVionw = (102812)/(1767963) = 0.058153

? obtained from Maas and Grattan (1959} in dS/m

N LR;se @8N0 LR sy @re the individual crop LR i, values for the Traditional (T) and WATSUIT (W) models, respectively .

® RV, 1 and RV, w are the required drainage volumes corresponding 10 LR w1 804 LRipsuw values, respactively.

d RVt and RV w are the required drainage volumes corresponding to LR iy and LR ipwew values, respectively
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Table 4a. Summary of Some of the LR-Related Relationships of J. D. Rhoades

Symbol® | Mathematical Relationships”
use when including LR in calculations
LR  [LR=LR;,orLRy
| LRt |LRuy = [(1 - FuFe)/(1~ F)JLR); 0F LRingy = LR3y/(1-Fy), if F, = 1
LRy  [LRi = (1-FoFo)FR)LR); or LRy, = (1-Fp)En) (LR o), i Fy < 1 o
TLR;, |TLR,, =LR,,+ BV, /RV,)
RVitw  |RViuw = (Ve V(1 - LRyrgy) o
F F. = [1-(%NBVy/100)J/(1-Fo)
F, F, = (RV + RV4 )/ (RV, + RV, + additional deep percolation), or
F, F, = RV s (RV},), when Fy, = 0.0 o
RViw RV = [V Vi) (1-LRips )F )V (1-Fyy), ot
RV  [RViu = [(Ver Vi) (F-LRiugITT/F )(1-F)], or -
RVi, RV = (Var Vi) [(1-LRy)(1-F i )(F ), or
RV, RV =RV + Voo

RV /RV 5 RV RV, = [TF (1-F)]

[N] [N] = RV i/ Ver) = [(IHI-LR g E(1-Fi)]
Rde Rvdw = (LRinfw)(RVinfw)’ or
RViw  [RViw = [(LRins)/ (1-LR ) (V) OF
RVaw — |[RVgw = (LRuWI(RV},)
Vo |Viw = Fn)RVy) -
1DV 1LV =RV, + Vi, OF
J§PAY IDV = {LE )RV ) F {(Fg ) (RVy,), or
v TV = (LR, T ER )UKV ), or
TDV— [TDV =R R Vinp) F Fe )RV
BV BV = HER(V /(T-ER PR iy XV e)A(T-TR )], OF
BV BV = LRIV FLRPFIICRG (VA TIR F L or 7
BV, [TBV,=V_ +RV,, TBV, - }

;%
3

w iw W

\infw Cintw — L VinCin K FF e o)V ingw)
renrhen ianorine LR oeteniations-based-soleh-om ¥
*
= TA%NB Y3 OO o or = (P P

RV = [V, TWF ) o= (VT YFo)l
= “";' Tyt ey “6"'; .'G;“ H-mede




Table 4b. Definitions of Symbols Used in Table 4 Relations
Definitions
LR |the required leaching fraction, as estimated using either the Traditional LR-madel or WATSUIT-model
LR, [the requu-ed teaching fraction, with reference 1o the volume of infiltration water
LR, |the requued leaching fracuon, with reference to the volume of i irrigation water
TLR;y the total required leaching fraction, including vertical- & horizontal-leaching D
RV [the requircd volume of infiltration water, based on LR 4, i B
F, factor for increasing water requirement to provide compensation for non-unifonﬁity and irrigation in;fﬁciency -----
[ RV, [the required volume of irrigation water, based on LR 4, ‘ -
Ve [the volume of water required for crop consumption
"V, [theeffective rainfall used in crop consumption
[ [N] | multiplier factor to calcultae the required volume of irrigation water from ¢rop consumptive use (ET S
RV, [the required volume of vertical-drainage water (deep perclation) T
Vo |the volume of tailwater - |
TDVy |[the total volume of drainage water; deep percolation plus tailwater
BV, fthe volume of the tailwater that effectively contributes 1o the required leaching of soil salinitty
TBV,, |[the total beneficial volume of water used for crop consumption and required leaching
NBVy, [the total non-beneficial volume of water used without direct benefit to crop consumption or required leaching
Cintw  |weighted average concentration of infiltrated water, when horizontal-leaching occurs
F‘,, compensation factor for non-uniformity and irrigation inefficiency, based solely on crop consumptive use
RV‘iw the required volume of irrigation water, based solely on crop consumptive use
F,,  |ihe fraction of tailwater relative to applied irrigation water,
Feww  |the ratio of salinity concentration in the tailwater refative to the applied irrigation water
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Table 7. Effect of Fy, and %NBV,, on F, and RV,,?

% NBV,, Few F, [N)°
5 0.00 0.950 1.154
10 0.00 0.900 1.218
15 0.00 0.850 1.290
20 0.00 0.800 1371
25 0.00 0.750 1.462
5 0.05 0.947 T.154
10 0.05 0.895 1.218
i 15 0.05 0.868 1290
20 0.05 0.542 1.371
25 0.05~ 0.790 1.462
5 010 ND ND
10 010 1.000 T.2718
15 0.10 U.94% 1290
20 0.10 0.889 T.371
25 010 0.833 T.462
5] 0.1 NL) ND
T0 V.15 NL) NL)
™5 015 1.000 1.290
=20 015 0:947 1371
25 015 0.882 T4
5 020 ND N
10 0.20 ND ND
15 0:20 ND ND
20 0:20 1.000 17371
25 0:20 0.938 1462
" Torcase of [Riny = 0.088 and Ve, = 100; * RV}, = [N] (Vo).
where, INF= (A =LRum) (R =Fe
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Table 8. Preliminary Graphical Sensitivity Analysis of Irrigation Parameters

Relative Ef'fecits of Irmigation Parameters

Water Vourne or Ratio LR Fiw Fetw Fa
RV\w <0.1 2 <0.1 8
RVW/RY i 0 4 |0 8
[N] = RV /Ver 1 3 <0.1 5
100{RV(W/RV ntw) 0 3 0 6
RV intw 7 2 2 0
Viw <0.1 6 <01 3
ViRV 0 8 0 0
BV 1 3 3 0
100(BV/ RVi) E| 3 3 0
1008V, /Total drainage) 0.5 T <0.1 <0,
[100{BV/RVaw) <0.1 4 4 0
Vel Viw <0 3 <0.1 6
View 0.1 0 <0.1 5]
RV B T 2 0
TOO(V 3/ RViw) oA T <01 5
RV <0.1 1] ] g
TOO(NRV 0/ Vaw) 1 ] <01 g
NBVw U 3 <01 6
TOOINBV IRV, 0 3 <01 4
TO0(TBVWRV) 0 4 <01 4
CRntw 3 1 i 0
ERWERiw o1 1 <01 4




Table 9a. Percent changes in respaonse variables caused by sequential
changes in input variables.

input variables®
response variables LR Fow Fetw Vet Fa
Ry 66.67 (+) | 23.91(-) | 6.90 ()
T LRy 66.67 (+} | 6.18(-) | 6.90(-)
RV 876 (+) |1710(¥) | 0.80(-) | 20.00(+) | 36.43 ()
RV 876(+) | 0.81() | 0.80¢() | 2000 |
RV 4y 75.56 (+) | 6.99(-) 7.80(-) | 20.00 (+)
BV, 84.98 (+) 1178.26 (+)| 199.10 (+)| 20.00 (+)
TBV,y 9.7 (+) 20.00 (+)
NBV,, 762(+ | 7384 | 3.01() | 20.00(+ |157.34 (-
[N] 876 F) (170 U907 I6A3)

minimum, median and maximum vaues used are as follows:

LR (0.08, 0.12, 6.16}; F,, (0.02, 0.10, 0.18); Fo, (1.00, 1.30, 1.60),

V{90, 100, 110}, F, (0.70, 0.85, 1.00)
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Table 9h. Percent of variation and correlation explained by ANOVA model

response input variables

variable LR Fow Fetw Vet Fa R?
LR 86.62 11.14 0.92 0.9868
LRinw 97.25 0.84 1.16 0.9925
RV 3.76 13.99 0.05 19.31 | 62.03 0.9904
RViniw 15.95 0.14 0.20 83.46 | 0.9975
RVgw 90.21 0.80 111 6.46 0.9858
BV 6.48 27.27 37.78 0.38 0.7191
TBVw 17.14 82.75 0.9989
BNV 0.22 17.84 0.07 1.55 79.13 0.9881
[N] 4,58 1/.45 UG 77.38 U.95947

~ highly non-linear and complex interactions invelving input varables




Table 10, Calculation of Water Duty of 1D, for 1989-1996 Crop Consumptive Use ?, and for EC,, = 0.930 dS/m
volumes in thousands of acre-feet

LRy = 0.045896
tailwater percentages

LR;" = 0.091359
tailwater percentages

item 5% i 0% | 18% | 20% 6% | 10% [ 8% | 20%
LRt 0.0454 0.0449 0.0444 0.0437 0.0905 0.0894 0.0883 0.0870
LR;,: 0.0432 0.0404 0.0377 0.0350 0.0859 0.0805 0.0751 0.0886

1892, 9.8 1888.6 1985.6 1983.4 1980.9 1978.2

RV,

85.0 83.8 826 174.9 172.2
V! 85.0 83.8 82.6 179.6 177.4 174.9 1722
NBV,,? 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vi 210.1 333.5 4721 104.5 220.4 349.6 494.5
BV, 19 30 43 2.0 42 6.7 9.4
NBV,,] 208.2 330.5 467.8 102.5 216.2 342.9 485.1
BV,, + RV, 86.9 86.9 86.9 181.6 1816 181.6 181.6
Vit Vi 2951 417.3 554.7 284.1 397.8 524.5 666.7
BV 1892.9 1892.9 18929 | 1987.6 1987.6 1987.6 1987.6
NBV,™ 208.2 330.5 467.8 102.6 216.2 342.9 485.1
%NBV,,"

9.9 14.9 19.8 4.9 9.8 14,7 19.6
\2 a -t ; R

. o e A

? for total crop consumptive use of 1806K acre-feet ;
PLR = LRy or LRy, the lID crop-waighted WATSUIT- and Traditional- LR values, respectivaly:

© LRintw = [{(1-FuF o {1-F o JI(LRY; LRy, = (1-F o F o }{LR); assuming F o, = 1.19;

“ RViptw = {Vad/(1-LRiop)}i RVi = [V Vo (1-LR e W1 F i) © RV = (LR (1 LR}V et

Vaw = Vi - Vi = Vi " BV, = {ILRYCI-LRIKV o)} - LR iapoH(1-LR (Ve

1“ NBV,, = RV, - Ve - Vi - RV,

" Vi, = (Fod(RV,,), Where Fw is the fraction of tailwater relative to applied irrigation water (RV ;,);

'BVay = ([{(LRMOI-LRIKV o} - (LR o (1-LR )] Vel

I NBVy, = Vy, - BV,,: * V), + V4, = total volume of drainage water;

' BV = total valume of beneficial water = crap ET plus required leaching = 1808K acre-feet + RV 4, + BV,

BV, + RV = total beneficial leaching water; !V, + V4, = total volums of drainage water,

" NBVyy = total volume of non-beneficial water = NBY w + NBV 4, " %NBV = 100 (NBV VRV,

° RV¢q is the required volume of Colorado River water, where V ot~ Ve = 1806 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV¢q is the required volume of Colorado River watsr, where V ot = Vi = 1808 KAF - (effective rainfall of 101 K ac.ft.)

9 RV I8 the required volume of Colorado River water, where V at = Vo, = 1806 KAF - (effective rainfall of 151.5 K ac.ft.)
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Table 10,. Calculation of Water Duty of HD, for 1989-1996 Crop Consumptive Use ¥, and ECy, = 1.143 dS/m

volumes in thousands of acre-feat

LRy" = 0.069738 LRy = 0.116688

tailwater percentages tailwater percentages

item 5% | 10% | 15% | 20% 5% | 10% | 15% | 20%
LRy 0.0690 0.0683  0.0674 00664 | 01155 01142 01128  0.1111
LR,® 0.0656 0.0614 00573 00531 | 01087  0.1028 00959  0.0889
RViotw” 1939.9 1938,3 1936.5 19345 | 2041. 038.

130.5 128.5

133.9 132.3 130.5 128.5 2359 2329
0.0 0.0 0.0 0.0 0.0 0.0
102.1 2154 341.7 483.6 107.5 226.5
1.5 3.1 4.9 6.9 2.7 5.7
NBV,J 100.6 212.3 336.9 476.7 104.8 220.9
BV,, + RV, 135.4 135.4 135.4 135.4 2385 2386
Vit Vo' 236.0 347.7 4723 612.1 343.3 455.4
BV 1941 .4 1941.4 1941.4 1941.4 20446 2044.6
NBV," 100.6 212.3 336.9 476.7 104.8 220.9

® for total cro
P LR = LRy of LRy, the IID crop-waighted WATSUIT- and Traditional- LR values, respectively;

¢ LRt = [{1-F ooF e (1-F ) JILR); LR;,, = {1-F,F o JILR); 28suming F 4 = 1.19;

® RVinse = (Ve (1-LRp)l; RViy = [(Vor Vad (1-LRod V(1-F ks © RV = HLR ) (1-LR )Vt

Vo = Viy - Ver - Vi " BVaw = {IILRY(1-LR)KV o} - {IILR i}/ (1-LR i}V arlk:

r“ NBV 4y = RV, ~ Vgt = Vi - RV}

" Ve = (Fuwd{RVi), where F, is the fraction of tailwater relative o applied irrigation water (RV ,,);

' BV, = {LRY(1-LRKV o)} = {[(LR i (1-LRpJHV a));

! NBV,, = Vi - BV, * Vi, + Va, = total volume of drainage water;

' BV, = total volume of beneficial water = crop ET plus required [saching = 1806K acre-feet + RV ,,, + BV,

"BV, + RVy, = total beneficial teaching water; 1 Vi + Vo = total volume of drainage water;

™ NBV,, = total volume of non-beneficial water = NBV y, + NBV,; " %NBV = 100 (NBVy)/RV,.:

* RV is the required volume of Colorado River water, whera V o - V, = 1806 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV¢g is the required volume of Colorado River water, where V , - V., = 1806 KAF - (effective rainfall of 101 K ac.ft.)

% RVcq is tha required volume of Colorado River water, where V - V,, = 1806 KAF - (effectiva rainfall of 151.6 K ac.ft.)




Table 10,. Calculation of Water Duty of HID, for 1988-1996 Crop Consumptive Use °, and EC;, = 1.213 dS/m
volumes in thousands of acre-feet

LRy = 0.0854 LR," = 0.1255
tailwater percentages tailwater percentages

item 5% | 10% | 15% [ 20% 8% | 0% [ 5% | 20%
LRy 0.0845 0.0836 0.0825 0.0813 0.1242 0.1229 0.1213 0.1195
LR," 0.0803 0.0752 0.0702 0.0651 0.1180 0.1106 0.1031 0.0956
RVinpw 1972.8 1970.7 1968.5 1965.9 20622 2058.9 2055.3 2051.2
RVy,” 166.8 164.7 162.5 159.9 249.3 245.2
Vew 166.8 164.7 162.5 169.9 249.3 245.2

NBV,,? 0.0 0.0 0.0 0.0 0.0 0.0
Vi 103.8 219.0 347.4 4915 3627 512.8

BV 1.8 39 6.2 8.7 9.9 14.0
NBV,,! 102.0 215.4 341.2 482.8 352.8 498.8
BV, + RVy, 168.6 168.6 168.6 168.8 269.2 259.2
Vit Vig,* 270.6 3837 500.8 651.4 612.0 758.0
BVy/ 1974.6 1974.6 19746 1074.6 2065.2 2065.2
NBVy™ 102.0 215.1 3412 482.8 352.8 498.8

% i di Sy W s 0%&
® for total crop consumptive use of 1806K acre-feet ;
P LR = LRy or LRy, the ID crop-weighted WATSUIT- and Traditional- LR values, respectively;

® LRintw = [(1-F P ) (1-F 4 }](LRY; LRy = (1-F 1 F ep}(LRY; @s8UMIing F oy, = 1.19;

® RVintw = (Ve 1-LRpell; RV = (Vo Ve (1-LR g W (1-F); ® RV, = LR (1 -LR )} (Ve

"V = Vi - Vit - Vi " BV = {[ILRV(1-LR)(V 3} - (LR suio (1L Rins )Vl

2 NBV, = RV}, - Vet - Viw - RVaw ;

"y = (FLJ(RV.,), whare F, is the fraction of tailwater relative to applied irrigation water {RV .);

' BV = {[ILRY(1-LRYI(V o0} - LR mpud(1-LR msl] (Ve

I NBV,, = Vi = BV ¥ Vi, + Vg, = total volume of drainage water;

| BV, = total volume of beneficial water = crop ET plus required lsaching = 1806K acre-feet + RV 4, + BV,

I BV,, + RV, = total beneficial leaching water; * V,, + V4, = total volume of drainage water;

™ N8V, = total volume of non-beneficial water = NBV , + NBVy,: " %NBV = 100 (NBVw)/RV,,.

® RV¢g is the required volume of Colorado River water, where V , - V,,, = 1808 KAF - (effective rainfall of 50.5 K ac.ft.)
P RVeg I8 the required volume of Colorado River water, where V , - V,, = 1806 KAF - (effective rainfall of 101 K ac.ft.)

* RV g is the required volume of Colorade River water, where V o - V,,, = 1806 KAF - (effective rainfall of 151.5 K ac.ft.)




Table 10,. Calculation of Water Duty of 11D, for 1989-1996 Crop Consumptive Use °, and EC;, = 1.323 dS/m

volumes in thousands of acre-feet

LRy = 0.10204 LR = 0.14006

tailwater percantages tailwater percentages
5% ] 10% | 18% | 20% 5% | 10% | 15% | 20%
0.1010 0.0999 0.0986 0.0872 0.1387 0.13M1 0.1354 0.1334
0.0960 0.0899 0.0838 0.0778 0.1317 0.1234 0.1151 0.1067

2008.9 2006.4 2003.6 2000.4 2096.7 2093.0 2088.7

RV %

? for total crop consumptive use of 1806K acre-feet ;
LR = LRy or LR, the IID crop-weighted WATSUIT- and Traditional- LR values, respactively;

® LRintw = [(1-F P e (1-F o} (LRY; LRy = (1-FouFan)(LRY; assuming F o, = 1.19;

® RV = [(VadH1-LRinml]s RV = [V or Vi (1-LRiad(1-F ); ® RV = {LR s (1-LR n} IV ;

"Vaw = Vi = Vot - Viat " BV = {IILRM(1-LR)KY o0} - {I(LR nsnd(1-LR i)V

Y NBVg,, = RV}, - Vi~ Vi - RV, ;

PV, = (Fu){RV4,), where F, is the fraction of failwater relative to applied irrigation water (RV ,.);

| BV = ({LRM(1-LRIV o} - (LR el (1-LRinsa) (Ve)}:

| NBVy, = Vi, - BVp; * Vi, + Ve = total volume of drainage water;

' BV,y = total volume of benefictal water = crop ET plus required leaching = 1806K acre-faet + RV 4, + BV,

'BV,, + RV4y = total baneficial teaching water; |V, + V,, = total volume of drainage water;

™ NBV,y = total valume of non-beneficial water = NBV , + NBV,,: " %NBV = 100 (NBVw)/RV,,;

° RV is the required volume of Colorade River water, whete V o -V, = 1808 KAF - (effective rainfall of 50.5 K ac.ft.)
? RVcr is the required volume of Colorade River water, whera V o, - V, = 1806 KAF - (effective rainfall of 101 K ac.ft.)

1 RVcg is the required volume of Colorado River water, where V o - Vi, = 1806 KAF - (effective rainfall of 151.5 K acft.)




Table 10,. Calculation of Water Duty of 1D, for 1989-1996 Crop Consumptive Use plus 4% 2 and EC;, = 0.930 d5/m
volumes in thousands of acre-feet

LRy = 0.045856 LR, = 0.091369
tailwater percentages tailwater percantages

item 5% [ t0% | 158% | 20% 5% | 10% | 15% | 20%
LRinte- 0.0454 0.0449 0.0444 0.0437 0.0905 0.0894 0.0883
LR,° 0.0432 0.0404 0.0377 0.0350 0.0859 0.0805 0.0751

1966.6 1965.4 1864.1 2065.0 2082.7 2060.2

87.2 186.8 184.5 .
59.4 Bg.4 872 85.9 186.8 184.5 181.9

0.0 0.0 0.0 0.0 0.0 0.0 0.0

103.6 218.5 346.8 491.0 108.7 2292 363.6

09 2.0 3.2 4.5 21 4.4 6.9

102.6 216.5 343.7 486.5 106.6 224.8 356.8

80.4 90.4 - 90.4 80.4 188.9 188.9 188.9 1889
193.0 306.9 434.0 576.9 2955 137 545.5 693.4
1968.6 1968.6 1968.6 1968.6 2067.1 2087.1 2067.1 2087.1
102.6 2165 3437 486.5 106.6 2248 3566 504.5

RVed, o 104t - 20088 2125¢
® for total crop consumptive use of 1878.24 K acre-feet;
P LR = LRy or LRy, the lID crop-weighted WATSUIT- and Traditional- LR values, respactively,

© LRinse = [(1-F swF e {1-F i l(LRY; LRy, = (1-FuFern)(LR); assuming F o, = 1.19;

RV = Ve (1-LRissl]: RVi = [(Vor Ve (1-LR sV (1-F )i ® RV = [(LRinpe/(1-LR ] (Var):

"Vaw = Vi = Vet - Vi " BV, = {IILRWCT-LRINY o) - (LR i/ (1-L Rl (V)

I NBV 4y = RV} - Vi - Vi - RV ;s

M Vi = (Fui(RVy), where F, is the fraction of tailwater relative to applied irrigation water (RV )

' BV = {[{ILRY(1-LRIIV o)} ~ {[(LR il (1-LR sl (Vi

I NBV,, % Vi - BV ¥ Vi, + Vi = total volume of drainage water;

| By, = total volume of baneficial water = crop ET plus required leaching = 1806K acre-feet + RV 4 + BV

'B\l,,,\f + RV, = total beneficial leaching water; I, + Vg, = total volume of drainage water;

™ NBV,, = total volume of non-beneficial water = NBV ,,, + NBV " %NBV = 100 (NBV )RV,

° RVcg I8 the required volume of Colorado River water, where V o - Vi, = 1878.24 KAF - (effective rainfall of 50.5 i ac.ft.)
P RV¢r is the required volume of Colorado River water, where V g - Vo, = 1878.24 KAF - (effactive rainfall of 101 K ac.ft.)

9 RV, is the required volume of Colorado River water, where V o - V,, = 1878.24 KAF - (effective rainfall of 151.5 K ac.ft.)




Table 10,. Calculation of Water Duty of ID, for 1889-1996 Crop Consumptive Use plus 4% 2, and EC;,, = 1.143 dS/m

volumes in thousands of acre-feet

LRy = 0.069738

LR;" = 0.116688

tailwater percentagas

tailwater percentages

item 5% 1 10% | 18% [ 20% 5 | 10% | 15% | 20%
LRy’ 0.0690 0.0683 0.0674 0.0664 0.1155 0.1142 0.1128 0.1111
LR’ 0.0656 0.0614 0.0573 0.0531 0.1097 0.1028 0.0959 0.0889
RVipger 2017.5 2015.9 2014.0 2011.9 21236 21204 2117.0 24134
RVy' 139.3 1376 138.7 1336 245.3 2422 238.7 234.9
Vo 139.3 1376 1357 133.6 2453 2422 238.7 234.9
NBV,,? 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vi 106.2 224.0 355.4 503.0 111.8 2356 373.6 528.3
Bv,, 1.5 3.2 5.1 7.2 2.8 5.9 9.4 133
NBV,, 104.7 220.8 350.3 495.8 109.0 2297 384.2 516.0
BV, + RV, 140.8 140.8 140.8 140.8 248.1 248.1 2481 248.1
Viet V' 245.5 361.6 491.2 636.6 357.1 477.8 612.3 763.1
BVy' 2019.0 2018.0 2019.0 2019.0 2126.4 2126.4 2126.4 2126.4
NBV™ 104.7 220.8 350.3 495.8 109.0 209.7 364.2 516.0

£ c .Q

i

A for total

crop oonsuh'lptive use of 1878.24 K acre-feet;
® LR = LRy or LRy, the |ID crop-weighted WATSUIT- and Traditional- LR values, respectively;

® LR = [(1-F F o)/ (1-FodJ(LRY: LRy = (1-FuoF e {LR): a8suming F o, = 1.19;

RVt = {(Ved (1-LR s RViy = [(Vor Vo (1-LRipV(1-F0); * RV = (LR H(1-LR o )] (Vot);

"Vow = Viu = Vet - Vi " BV = {[LRYCI-LRYIV 00} - LR e 1-LR o (Ve

9 NBVW= RVm‘Vei'Vm' Rvdw )
" Viw = (Fu)(RV,,), where F, is the fraction of tailwater relative to applied irrigation water (RV )

' BV = JILRY(1-LRIRV o} - {{{LR i) (1-LRip )Vl
| NBV,, = Vi - BV ¥ Vi, + Vg, = total volume of drainage water;

' BVy, = total volume of beneficial water = ¢rop ET plus required leaching = 1806K acra-feat + RV 4, + BV,,;

'BV,, + RV,, = total beneficial leaching water; ! V,, + V4, = total volume of drainage water;

™ NBVy = total volume of non-beneficial water = NBV , + NBV ,; " %NBV = 100 (NBVW)/RV,,;

? RV¢g is the required volume of Colorado River water, where V 4 - V,, = 1878.24 KAF - (effactiva rainfall of 0.5 K ac.ft.)
P RV is the required volume of Colorade River water, whera V o, - V,,, = 1878,24 KAF - (affective rainfall of 101 K ac.ft.)

9 RV¢pg is the required volume of Colorado River water, where V o, - V,, = 1878.24 KAF - (effective rainfall of 151.5 K ac.ft)




@

Table 10,. Calculation of Water Duty of [ID, for 1883-1996 Crop Consumptive Use plus 4% °, and ECy, = 1.213 dSim

volumes in thousands of acre-fest

RV

173.5

# for total crop

LRy = 0.0854 LRy" = 0.1255
tailwater percentages tailwater percentages
item 6% | 10% | 15% [ 20% 5% | 1% [ 5% | 20%
LRingw” 0.0845 0.0836 0.0825 0.0813 0.1242 0.1229 01213 0.1195
LRy’ 0.0803 0.0752 0.0702 0.0851 0.1180 0.11086 0.1031 0.0956
2051.7 2049.6 2047.2 20446 141.3 213 2133.2

171.3 169.0 166.3 266.5 263.1 259.3 265.0
Vou 173.5 171.3 169.0 166.3 266.5 263.1 2603 255.0
NBV,J 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
Vi 108.0 227.7 361.3 511.1 112.9 237.9 377.2 533.3
BV,, 1.9 40 6.4 9.1 3.1 6.5 10.3 14.5
NBV,, 106.1 223.7 354.9 502.1 109.8 231.4 366.9 518.8
BV, + RVy, 175.4 175.4 175.4 175.4 260.5 269.5 269.5 269.5
Vi Vo 281.4 399.1 530.2 677.4 379.3 501.0 636.5 768.3
BVy' 2053.6 20536 20536 2053.6 2147.8 2147.8 2147.8 2147.8
NBVW" 106.1 2237 354.9 §02.1 109.8 231.4 366.9 518.8
%NBV,," 49 9.7 14.6 19.5

®LR=LRyor LRy, the liD crop-weighted WATSUIT- and Traditional- LR values, respactively;
° LRt = [{1-FauFonn M 1-F o )LR); LRy = (1-F pF ) (LR); assumming F o = 1.19;
“ RViow = [(Ve){1-LRon)l; RV = [V Vil (1-LRio ) H(1-Fra); ® RVise = [(LRyap (1-LR MV i
Vaw = Vi = Vot - Vi " BV, = {{LRVI-LRIIV o} - (LR insud(1-LR )l Vel
9 NBVgy = RViy, - Ver » Vi = RV,
" Vi = (Fw){RV},), where F, is the fraction of tailwater relative to applied irrigation water (RV ..);
' BVy, = {[{LRY(1-LRINV )} - {{(LR i (1-L R K Ver)):

| NBVy = Vi, -~ BV; * Vi + Vg = total volume of drainage water;
| BV, = total volume of bensficial water = crop ET plus required leaching = 1806K acre-feet + RV 4, + BV,
'BV,,, + RV, = total beneficial leaching water; ! V,, + Vg, = total velume of drainage water;

" NBVy = total volume of non-beneficial water = NBV ,, + NBV,; " %NBV = 100 (NBV }/RV,,;

°® RV¢y is the requirad volume of Colorado River water, where V o - V,, = 1878.24 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV¢r is the required volume of Colorado River water, where V , - V,,, = 1878.24 KAF - (effective rainfalt of 101 K acft)
9 RV ¢y is the required volume of Colorado River water, where V o - V,,, = 1878.24 KAF - (effective rainfall of 151.5 K ac.ft.)




Table 10y. Calculation of Water Duty of 1D, for 1989-1996 Crop Consumptive Use plus 4% ®, and EC,, = 1.323 dS/m

volumes in thousands of acre-feet

LRy = 0.10204

LR;” = 0,14006

tailwater percentages

tailwater percentages

%NBV," 49 2.8

20 315

itern 5% | 10% | 15% | 20% 5% 1 10% | 5% | 20%
0.1010 0.0999 0.0986 0.0972 0.1387 0.1371 0.1354 0.1334
0.0860 0.0899 0.0838 0.0778 0.1317 0.1234 0.1151 0.1067
2086.7 2083.7 2080.4 2180.6 2176.7 2172.3 2167.4

211.1 2084
Vow 2111 208.4 205.5 202.2 3024 298.4 294.0 2891
NBV,? 0.0 0.0 c.0 0.0 0.0 0.0 0.0 0.0
Vi 110.0 231.9 3877 5201 114.8 2419 383.3 541.8
BV, 24 50 7.9 11.2 3.6 7.5 11.9 16.8
NBV,J 107.6 226.8 350.8 508.¢ 111.2 234.4 3Ns 525.1
BV, + RV, 213.4 2134 213.4 213.4 305.9 305.9 305.9 305.9
Virt Vo' 320 440.3 573.2 7223 M7 540.3 677.4 831.0
BV 2091.7 2001.7 20017 2001.7 2184.2 2184.2 21842 21842
NBV" 107.6 226.8 369.8 508.9 1M11.2 234.4 3715 525.1

* for total crop consumptive use of 1878.24 K acre-feat;

' Viaw = Vi = Vo - Vi " BV, = {(LRM1-LRIIV o0 - (LR
e NBV‘M = RVM -V.t - VM - Rde \

' BV = {{LRV(1-LRY(V o} - (LR ¥ (1-LRipa) KV a0}:

i) { 1-L Ripr )1V el

I NBViy, = Vi = BV * Vi, + Vg, = total volume of drainage water;
"BV, = total volume of beneficial water = crop ET plus required leaching = 1806K acre-fest + RV 4, + BV,
"BV, + RV, = total beneficial leaching water; |V, + V,, = total volume of drainage water;

™ NBV,, = total volume of non-beneficial water = NBV w + NBV 4, " %NBY = 100 (NBVW/(RV..):

LR = LRy or LRy, the IID crop-weighted WATSUIT- and Traditional- LR values, respactively;
© LRintw = [{1-FruF e (1-F ) XLRY; LR, = {(1-FF ) (LR); assuming Fey, = 1.19;
“ RViat = [(Vad/(1-LR )] RV, = [(Ver Vi (1-LRiand W 1-F )i ° RVay = (LR V1R ) V),

P Vi = (FW){RVy,), Where F is the fraction of tailwater relative to applied irigation water (RV ,);

° RV¢g is the required velume of Colorado River water, where V 4, - V,, = 1878.24 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV¢p is the required volume of Colorado River water, where V ,, - Vo, = 1878.24 KAF - {effactive rainfall of 101 K ac.ft.)
1 RV¢q is the required volume of Colorado River water, where V et Vi = 1878.24 KAF - (affactive rainfall of 151.5 K ac.it)




Table 10,. Calculation of Water Duty, for 1989-1996 Crop Consumptive Use, and F ,, = 0.90

869
2072
210.3

0.0
0.0
0.0
86.9

297.2

1892.9
210.3

X

181.6
402.5
220.8

0.0

0.0

0.0
181.6

402.5

1987.6
220.8

351.1
215.7
0.0
0.0
0.0
135.4
351.1
1941.4
215.7

465.8
227.2
0.0
0.0
0.0
2386
465.8
2044 6
227.2

168.6
388.0
219.4

0.0

0.0

0.0
168.6
388.0

1974.6
219.4
10.0

259.2
488.8
229.5
0.0
0.0
0.0
259.2
488.6
2065.2
229.5
10.0

? for total crop consum

ptive use of 1806 K acre-feet;

1" LR = LRw or LRt , the lID crop-weighted WATSUIT- and Traditional- LR values, respectively;
 LRintw = [(1-FFew) (1-Fed)(LR): LRy = {1-FouF ) Fo)(LR); assuming Fyy = 1.19;
! RV = [(Ve (1L Rinso)]; RVi = Vet Ve (-LRiop (P )]s * RV = LR} {1-LRinp)](Vet);
"Vaw = Viw - Vet = Vigi " BViy, = {[{ILRV(1-LR)I(Ve} - {I{LR (1 L Rinw) A Ver)):

|* NBVaaw = RVi - Vit - Vi - RV :
n Viw = (Fuw)(RViw), where Fy, is the fraction of tailwater relative to applied irrigation water {RV w);
'BVi = {I(LRY(1-LR)I(V o)} - {[(LRimM(1-L Rt (Ver)}:

) NBVyy = Viy - BV ¥ Vi, + Vi = total volume of drainage water;

' BVy = total volume of beneficial water = crop ET plus required leaching = 1808K acre-feet + RV 4, + BV,
' BVy, + RV, = total beneficial leaching water; ) Viw + Vgy = total volums of drainage water;

™ NBVyy = total volume of non-beneficial water = NBV tw + NBVgy: " %NBV = 100 (NBV w)/RViy
® RVgp is the required volume of Colorade River water, where V o - Vi, = 1806 KAF - (effective rainfall of 50.5 K aq
? RV¢g is the required valume of Colorado River water, where V ¢ - Ve = 1806 KAF - (effective rainfall of 101 K ac
9 RV¢g is the required volume of Colorado River water, where V et - Vow = 1806 KAF - (effactive rainfall of 151.5 K

EC. =0.930 ECw=1.143 ECiw=1.213 ECy, =1.323
LRw LRy LRy LRy LRw LRt LRw LRy
0.04590 | 0.09137 | 0.06974 | 0.11669 | 0.08540 | 0.12550 | 0.10204 0.14006
0.0459 0.0914 0.0697 0.1167 0.0854 0.1255 0.1020 0.1401
0.0413 0.0822 0.0628 0.1050 0.0769 0.1130 0.0918 0.1261
1892.9 1987.6 1941.4 1974.6 2085.2 2011.2 2100.1

428.7
2235
0.0
0.0
0.0
2052
428.7
2011.2
223.5




O

Table 10; . Calculation of Water Duty, for 1989-1996 Crop Consumptive Use, and F , = 0.85

5.0 5.0

ECi = 0.930 ECi, = 1.143 ECi, = 1.213 EC, = 1.323
LRw LRt LRy LRy LRw LRt LRw LRy
itemn 0.045896 | 0.091369 | 0.069738 | 0.116688 [ 0.0854 0.1255 0.10204 (.14006
LRjntw 0.0459 0.0914 0.0697 0.1167 0.0854 0.1285 0.1020 0.1401
LRy’ 0.0436 0.0868 0.0663 0.1108 0.0811 ¢.1192 0.096¢9 0.1331
1892.9 1987.6 1941.4 20446 1974.6 20865.2 2011.2 2100.1

RVaw' 181.6 168.6 259.2 205.2 294.1
Vaw 286.2 237.6 346.2 272.6 367.9 311.1 404.7
NBV g, 104.6 102.2 107.6 103.9 108.7 105.9 110.5
Ve 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BV 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NBVy/ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BV + RV 181.6 135.4 238.6 168.6 259.2 205.2 294 1
Vit Vi 286.2 237.6 346.2 272.6 367.9 311.1 404.7
BVw' 1987.6 1941.4 20446 19746 20652 | 2011.2 2100.1
NBVw™ 104.6 102.2 107.8 103.9 108.7 105.9 110.5

® | R = LRy or LR, the 1D crop-weighted WATSUIT- and Traditional- LR values, respactively;
® LRyntw = [(1-F wF o) (1-Fs)I(LR); LR = (1-F yFen)(Fa)(LR); assuming Fow = 1.19;

? RVintw = [V /(1-LRissd]; RVie = [(Ver- Ve (1-LRin(Fo)l: ° RV = KLRimnud(1-LRn)] (Ven):
" Vaw = Vi = Ver - Vi " BV = {[(LRY(1-LR)I(V a0} = {{LR1nme} (1 -LRinw) (V)

I NBV gy = RViw - Vet - Viw - RViyw 5
® Viw = (Fu}(RVi), where Fy, is the fraction of tailwater relative to applied irrigation water (RV ):
' BV = {{{LRY(1-LRYI(V o} - {[(LR e (1-LR i)} (Vd}:

| NBVy, = Viw - BV KV + Vg = total volume of drainage water;
' BVyy = total volume of beneficial water = crop ET plus required leaching = 1808K acre-feet + RV 4, + BV,

'BV,, + RV, = total beneficial leaching water; 1V, + Vg, = total volume of drainage water,

™ NBV,y, = total volume of non-beneficial water = NBV y, + NBV g, " 9NBV = 100 (NBV )RV,

® RVcr is the required volume of Colorado River water, where V o - Vi, = 1806 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV¢g is the required volume of Colorado River water, where V o - Vi, = 1808 KAF - (effective rainfall of 101 K ac.ft)

9 RVcg is the required volume of Colorado River water, where V o - Vi, = 1806 KAF - (effective rainfall of 151.5 K ac.ft.)




Table 10, . Calculation of Water Duty, for 1989-1996 Crop Consumptive Use plus 4%, and F = 0.90

NBV 42
'
BV,,

NBV,.!
BV + RVa
Vit Ve
BV
NBVy,"
%NBVy"
‘-’é

140.8
366.1
224.3
0.0
0.0
0.0
135.4
365.1
2019.0
2243

248.1
484.4
236.3

175.4
403.8

2282

2134
445.8
2324
0.0
0.0
0.0
206.2
445.8
2001.7
2324

EC,, = 0.930 ECy = 1.143 EC, = 1213 EC, = 1.323
LRy LRy LRw LRy LRy LR, L Rw LRy
item 0.045896 | 0.091369 | 0.069738 | 0.116688 | 0.0854 | 0.1255 0.10204 0.14006
LR 00459 00914 | 00897 01167 | 00854  0.1255 0.1020 0.1401
LRy® 0.0413 00822 | 00628 01050 | 0.0769  0.1130 0.0918 0.1261
RVt 1968.6  2067.1 | 2018.0 21264 | 20536 21478 2001.7 2184.2

305.9
548.6
242.7
0.0
0.0
0.0
2941
548.6
2184.2
2427

P LR = LRy, or LRy, the liD crop-weighted WATSUIT- and Traditional- LR values, respectively;
F LRt = [1-FrF e (1-Fu)l(LRY: LRy, = (1-F o i) (F)(LR); assuming F o, = 1.19;
® RVitw = [(Ved/(1-LRien )]s RV = [(Ver Vi) (1 -LRio)(Fo)l; © RV = [(LRume(1-LRinse IV etk
" Vaw = Viw = Vot - Vigs " BV = {[(LRV(I-LRV o)} - {[{LRinsw(1-LR ) (Verl):

9 NBV gy = RV} - Vit = Viw - RVyw
" Vi = (Fr)(RV4.), where Fy, is the fraction of tailwater relative to applied irrigation water (RV ,,);
' BVi = {[(LR(3-LRIV )} - {[(LRap#1-LR eI (Ved:

| NBV,, = Vy, - BV KV + Vg = total volume of drainage water;

' BV, = total volume of beneficial water = crop ET plus required leaching = 1808K acre-fest + RV 4, + BV,
'BV,, + RV,, = total beneficial leaching water; 1V, + Vg, = total volume of drainage water;

™ NBV,, = total volume of non-beneficial water = NBV , + NBV,,; " %NBV = 100 {NBV »)/RV,,.
° RV¢r is the required volume of Colorado River water, where V , - V,, = 1878.24 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV Is the required volume of Colorado River water, where V o - V,,, = 1878.24 KAF - (effective rainfall of 101 K ac.ft.)

9 RV r is the required volume of Colorado River water, where V ,, - V,,, = 1878.24 KAF -~ (effective rainfali of 151.5 K ac.ft.)




Table 10, . Calculation of Water Duty, for 1989-1996 Crop Consumptive Use plus 4%, and F ,=0.95

ECy = 0.930 ECy = 1.143 ECiw = 1.213 ECa = 1.323
LRy LR+ LRw LR+ LRy LRy LRy LRy
item 0.045886 | 0.001369 | 0.069738 | 0.116688 | 0.0854 0.1255 0.10204 0.14006
LR 0.0459 0.0914 | 0.0897 01167 | 0.0854 0.1255 0.1020 0.1401
LRy® 0.0436 00868 | 0.0863  0.1109 | 0.0811 0.1192 0.0969 0.1331
RV g 19686  2067.1 2019.0 21264 | 20536 2147.8 2091.7 2184.2

RV, 90.4 188.9 140.8 248.1 175.4 269.5 305.9

Vo 194.0 297.7 247.1 360.0 2835 382.6 4209

NBV g, 103.6 108.8 106.3 111.9 108.1 113.0 115.0
Viw' 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BV, 0.0 0.0 0.0 0.0 0.0 0.0 0.0
NBV,,) 0.0 0.0 0.0 00 0.0 0.0 0.0

BV +RVy, | 869 181.6 135.4 238.6 168.6 259.2 294.1

Vet Ve 194.0 207.7 247.1 360.0 283.5 382.6 420.9

BV 1968.6 2067.1 20190 21264 2053.6 2147.8 2184.2

NBV,," 103.6 108.8 106.3 111.9 108.1 113.0 115.0

5.0

5.0

2 for total crop consumptive use of 1878.24 K
PLR = LRy or LRy, the 1ID crop-weighted WATSUIT- and Traditional- LR values, respectively;

® LRiniw = [(1-FuF caw(1-Fod {LR); LRy = (1-FruFen{Fn)(LR); assuming F oy, = 1.19;

" RVioy = {(Ved (1-LR )l RV = [(Ver- Vi (1-LRud (F))i * RV = (LR ) (1-LR g )IVer):

i\-"'uw = Vi - Vo - Vi, " BV, = {[{LRY(1-LR)I(V e} = {H{L R} (1-LR )1 (Vat)}:

[P NBV, = RV,, » Vo ~ Vi - RVyy 5

" Vi, = (Fr (RV,,), where F,, Is the fraction of tailwater relative to applied irrigation water (RV .);

' BV = {[(LRY(1-LRIV e} - (LR (LR d1(Va)}:

| NBVy, = Vi = BVpy: © Vi + Vg, = total volume of drainage water,

' BVyy = total volume of beneficial water = crop ET plus required leaching = 1806K acre-feet + RV 4, + BV,

: BV, + RV, = total beneficial leaching water; I Vi + Vg = total volume of drainage water,;

™ NBV,y, = total volume of non-beneficial water = NBV , + NBV,; " %NBY = 100 (NBV ¥RV,

° RV¢g Is the required volume of Colorado River water, where V ;- V,, = 1878.24 KAF - (effective rainfall of 50.5 K ac.it.)
P RVcr is the required volume of Colerado River water, where V o, - V,, = 1878.24 KAF - (effective rainfall of 101 K ac.ft.}

1 RV g is the required volume of Colorado River water, where V , - Vi, = 1878.24 KAF - (effective rainfall of 151.5 K ac.ft.)
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Table 11-1a. Calculation of Water Duty of IID, for 1889 Crop Consumptive Use ®, and ECy, = 1.213 dS/m

volumes in thousands of acre-feet

LRy’ = 0.090264

LR," = 0.128284

tailwater percentages

tailwater percentages

itarm 5% | 10% | 15% |  20% 5% | 10% | 15% | 20%
LRintw 0.0894 0.0884 0.0872 0.0860 0.1270 0.1256 0.1240 0.1222
LRy 0.0849 0.0795 0.0742 0.0688 0.1207 0.1130 0.1054 0.0978
RVt 1983.2 1981.0 1978.6 1975.9 2068.7 2065.4 2061.6 2057.4
RVy,.' . 1726
Vaw 177.2 175.0 172.6 169.9 262.7 250.4 255.6 251.4
NBV,,” 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vi 104.4 220.1 3492 494.0 108.9 2205 363.8 514.3
BV 2.0 4.1 6.6 9.3 3.0 6.4 10.2 14.4
NBV,/ 102.4 216.0 342.6 4847 105.8 2231 353.6 500.0
BV, + RV, 178.2 179.2 179.2 179.2 265.8 265.8 265.8 265.8
Vit V' 281.6 395.2 521.8 663.8 3716 488.8 619.4 765.7
BV 1985.2 1985.2 1985.2 1985.2 2071.8 2071.8 2071.8 2071.8
NBVy"™ 102.4 216.0 3426 484.7 105.8 223.1 3536 500.0
%NBV,," 4.7 106 4.9 9.7 14.6 19.4

V,

® for fotal crop consumptive
P LR = LRy or LRy, the D crop-weighted WATSUIT- and Traditional- LR values, respectively,

© LRy = [(1-F wF e (1-F ) {LR); LRy = (1-F wF aw}{LR); assuming F oy, = 1.19;

? RV = (Ve 1-LR ntwlls RV = [(Ver Ve 1 -LRinpad M 1-F ki ® RV = (LR {1-LRion) KV ethi

"'V = Vi = Vor = Vi " BV = {{LRY(1-LRIKV o} - (LR el (LR ans)(Vak:

¥ NBV 4y = RV - Vo - Vi - RVaw

" W = (Frd(RV.), where F o, is the fraction of tailwater relative to applied irrigation water (RV ).

' BV, = {IILRY(1-LRIV o} - {{LR 1 (1-LRinsud V).

I NBV,, = Vi - BV * Vi + Vi, = total volume of drainage water;

| BV, = total volume of beneficial water = crop ET plus required teaching = 1808K acre-fest + RV o + BV,

'BV,, + RV4, = total beneficial leaching water, I\, + V4 = total volume of drainage water,

™ NBV,, = total volume of non-beneficial water = NBV , + NBV,,, " 2,NBV = 100 (NBV y)/RV,,

° RVcg is the required volume of Colorado River water, where V ¢ = Vi, = 1806 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV¢p is the required volume of Colorado River water, where V 4 - Vi, = 1806 KAF - {effective rainfall of 101 K ac.ft.)

9 RV I8 the required volume of Colorado River water, where V - Vi, = 1806 KAF - (effective rainfall of 151.5 K ac.ft.)




Table 11-1b. Calculation of Water Duty of ID, for 1990 Crop Consumptive Use 2 and EC,, =1.213dS/m

volumes in thousands of acre-feet

LRy’ = 0.097382

LR;® = 0.134344

tailwater percentages tailwater percentages
5% [ 10% T 15% [ 20% 6% | 10% | 15% |  20%
0.0964 0.0953 0.0941 0.0928 0.1330 0.1315 0.1298 0.1280
0.0916 0.0858 0.0800 0.0742 0.1264 0.1184 0.1104 0.1024
1898.7 1996.3 1993.6 1990.6 2083.0 2079.5 2075.5 2071.0

o
Ver.: .

1927 190.3 187.6 184.6 277.0 2735 269.5 265.0
192.7 190.3 187.6 184.6 2770 273.5 269.5 265.0
0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
Vi 105.2 221.8 351.8 497.7 109.6 231.1 366.3 517.8
BV,, 2.2 45 7.2 10.2 3.2 6.8 10.8 15.3
NBV,/ 103.0 217.3 344.6 487.5 106.4 224.2 355.5 502.5
BV, + RV, 194.8 194.8 194.8 194.8 2803 280.3 280.3 280.3
Vit Vau 297.9 4121 539.5 682.3 386.7 504.5 8357 782.8
BVy 2000.8 2000.8 2000.8 2000.8 2086.3 2086.3 2086.3 2086.3
NBVy," 103.0 217.3 344.6 487.5 106.4 2242 355.5 502.5
%NBV,,”

® for total crop consum
PLR = LRy or LRy, the IID crop-waighted WATSUIT- and Traditional- LR values, respectively;

© LRyt = H1-F P (1-F o )LR); LRy = (1-F o F (LR} assuming F o, = 1.19;

" RVinw = [(VadH(1-LR o)l RViw = [(VeerVo M1 -LR g dM(1-F o, ); ® RV, = (LR and{1-LR s )V er);

"Vaw = Viw = Vot - Vi " BV, = {(LRIAI-LRIIV 6} - {{(LR (LR IV 0

INBV,,, = RV = Vot - Vi - RVg |

h Vi = (Fu)(RV\), where F, is the fraction of tailwater relative to applied irigation water (RV ,,);

' BV = {LRY(1-LRIKV o)} - QLR o (1-LRicg )MV o);

) NBVyy = Vi, - BV * Vi, + Vg, = total volume of drainage water;

' BV, = total volume of beneficial water = crop ET plus required leaching = 1806K acre-feet + RV 4, + BV,,;

'BV,, + RV,, = total beneficial leaching water; 'V, + V., = total volume of drainage water;

™ NBVy, = total volume of non-bensficial water = NBV ,,, + NBV,,; " %NBV = 100 (NBVw/RV,,;

° RVcq is the required volume of Colorado River water, where V 4 - V,, = 1806 KAF - {effective rainfall of 50.5 K ac.ft.)
P RV¢p is the required volume of Colorado River water, where V o - V,,, = 1806 KAF - (effective rainfall of 101 K ac.ft.)

7 RVcq is the required volume of Colorade River water, whera V - V., = 1806 KAF - (effective rainfall of 151.5 K ac.ft.}
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Table 11-1c. Calculation of Water Duty of 11D, fer 1991 Crop Consumptive Use ® and ECi = 1.213dS/m

volumes in thousands of acre-feat

LRy’ = 0.093359 LR;® = 0.132277
tailwater percantages tailwater percentages
itemn 5% [ 10% T "15% [ 20% 5% | 10% | 15% | 20%
LRt 0.0824 0.0914 0.09802 0.0889 0.1310 0.1285 0.1278 0.1260
LR, 0.0878 0.0822 0.0767 0.0711 0.1244 0.1165 0.1087 0.1008

1989.9

1982.3 20781 2074.6 20707 2066.3

RV gy 1791 176.3 2721 268.6

Vaw 183.9 179.1 176.3 272.1 268.6 264.7 260.3
NBV,,® 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vi 104.7 350.3 4956 109.4 230.5 365.4 516.5
BV, 20 6.9 9.7 3.2 6.7 10.6 5.0
NBV,,] 102.7 343.5 485.9 106.2 2238 354.8 501.6
BV,, + RV, 186.0 186.0 186.0 2753 275.3 275.3 275.3
Vit Vo' 288.7 529.4 671.8 3815 498.1 630.1 776.9
BV 1992.0 1992.0 1992.0 2081.3 2081.3 2081.3 2081.3
NBV,, 3435 485.9 106.2 223.8 354.8 501.6

? for total
®LR=LRyor LRy, the IID crop-weighted WATSUIT- and Traditional- LR values, respectively;

“ LRintw = [{1-F wF et} (1-F ) ILR); LR, = (1-F o F e ILR); assuming F o, = 1.19;

* RVt = [(Ved{1-LRinsdl: RViy = [V oV 1-LRia)J(1-F ), ® RV, = (LR (1 -LRinn 1V o)

"Vaw= Vi~ Vat = Vigs " BV, = IILRVA-LRYV o0} - {I(LR sl (1-LR i V)

9 NBVyy = RViy - Vet - Vi - RVigy ;

P V= (Fud(RVy,), where F, is the fraction of tailwater ralative to applied irrigation water (RV ,);

' BV = {LRV(1-LRYIV o} - {HLR il (1-LR s ) HVod}:

! NBV,, = Vi - BV, ¥ Vi + Vay = total volume of drainage watar;

' By = total volume of beneficial water = crop ET plus required leaching = 1806K acre-faet + RV 4, + BV,

'BV,, + RV,, = total banaficial teaching water; 1V, + Vg, = total volume of drainage water;

™ NBWVyy = total volume of non-beneficial watar = NBV y, + NBV,; " %NBV = 100 (NBV 4)/RV,,:

® R\/¢p is the required volume of Colorado River water, whera V ; - V= 1806 KAF - (effective rainfall of 50.5 K ac.ft.)
P RVcr is the required volurme of Colorade River water, where V o - V,,, = 1806 KAF - (effective rainfall of 101 K ac.ft.)

% RV is the required volume of Colorado River water, where V ,, - V., = 1806 KAF - (effective rainfall of 151.5 K ac.ft))




Table 11-1d. Calculation of Water Duty of 11D, for 1992 Crop Consumptive Use *, and EC,, = 1.213 dS/m

volumes in thousands of acre-feet

LRy” = 0.080504

LR;® = 0.123182

tailwater percentages tailwater parcentages

item 5% [ 10% | 15% [ 20% 5% | 10% | 15% [ 20%
LRt 0.0797 0.0788 0.0778 0.0767 0.1220 0.1208 0.1191 0.1173
LRy® 0.0757 0.0709 0.0661 0.0613 0.1159 0.1085 0.1012 0.0939

1958.4 1956.0

2056.8 2053.6 2050.1 2046.1

152.4 150.0 244.1 2401

156.4 154.5 152.4 150.0 250.8 247.6 244.1 240.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Vi 103.3 217.8 345.6 489.0 108.3 2282 361.8 511.5

BV,, 17 3.6 57 8.1 2.8 6.1 9.7 13.7
NBV,,) 1016 214.2 339.8 480.9 105.4 2221 352.1 497.9
BV, + RV, 158.1 158.1 158.1 158.1 253.7 263.7 253.7 253.7
Vig+ Vo' 259.7 372.3 498.0 639.0 359.1 475.8 605.8 751.6
BV . 1964.1 1964.1 1964.1 2059.7 2059.7 2059.7 2059.7
NBV,"™ 214.2 339.8 480.9 105.4 2221 352.1 497.9

M%N V_w" A48 8.8 14.8 19.7 4.9 87 148

¢ RV 1892 1 g 1
" for total crop consumptive use of 1806K acre-fast ;
LR = LRy or LRy, the [ID crop-weighted WATSUIT- and Traditional- LR values, respectively;

LR = [(1-F sF e (1-Fod{LR); LRy, = {(1-FoyF e XLR); @ssuming F o = 1.19;

" RVl = {Val(1-LRinsa)}; RV, = (Vo Ve (3L R o) W 1-Fu: ® RV, = (LR 1-LR (Ve

"Vaw = Vi - Vo= Vi " BV, = {[(LRV(1-LRKV o)} - {ULR o 1-LRop IV e}

? NBVgy = RV = Vet = Vi - RV

"V = (Fu}{RV\), where F is the fraction of tailwater relative to applied irrigation water (RV ,);

' BVy = ({LRY(1-LRIKV o} - (LR o (1-L Rl (Ve

| NBV,, = Vy, - BV, ¥V, + V,, = total volume of drainage water:

' BV = total volume of beneficial water = crop ET plus required leaching = 1806K acre-feet + RV 4, + BV,

'BVy, + RV, = total beneficial leaching water; ' Vi, + V,, = total volume of drainage water;

™ NBV,y = total volume of non-beneficial water = NBV ,, + NBV,,: " %NBV = 100 (NBVW YRV,

° RVcr is the required volume of Colorado River water, where V et « Viy = 1808 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV is the raquired volume of Colorado River water, where V ot - Vi = 1806 KAF - (effective rainfall of 101 K ac.ft.)

9 RVr is the required volume of Colorado River water, where V - V,,, = 1806 KAF - (effective rainfall of 151.5 K ac.ft.)
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Table 11-1e. Calculation of Water Duty of 1D, for 1993 Crop Consumptive Use °, and EC,, = 1.213 d$/m

volumes in thousands of acre-feet

LRy = 0.080546 LRy® = 0,121952

tailwater percentages tailwater percentages
item 5% 1 0% | 15% [ 20% 5% | __10% [ 15% | 20%
LRy 0.0797 0.0788 0.0778 0.0767 01207 0.1194 0.1179 0.1162
LRy’ 0.0758 0.0710 0.0662 0.0614 0.1147 0.1074 0.1002 0.0929
1960.6 19568. 1966.1 2054.0 2050.8 2047.3 2043.4

RV, 154.6 R 241,3 237.4
Vo 156.5 164.6 182.5 150.1 248.0 2448 2413 237.4
NBV,,? 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
V" 103.3 217.8 345.6 489.0 108.1 227.9 361.3 510.8
BV, 1.7 38 5.8 8.1 2.9 6.0 95 13.5
NBV,/ 101.8 214.2 339.9 480.9 105.3 2219 351.8 497.4
BV, + RV, 158.2 158.2 158.2 158.2 250.8 250.8 250.8 250.8
Vit V! 259.8 372.4 4981 639.1 356,1 472.7 602.6 7482
BV 1964.2 1964.2 1964.2 1964.2 2056.8 2056.8 2056.8 2056.8
NBV,,™ 101.6 214.2 339.9 480.9 105.3 221.9 351.8 497.4

1

“ for total crop consumptive use of 1806K acre-feet ; -&Q&
PLR= LRy or LRy, the IID crop-weighted WATSUIT- and Traditional- LR values, respectively;

® LRintw = [(1-F wF e (1-Fu)HLR); LRy, = (1-F o F o XLR); assuming F o, = 1.19;

“ RVjnew = (Ve (1-LR )i RV = [(Ver Vi 1-LRondM(1-F . ); © RV, = HLRyaned(1-LR )}V 1);
"Vaw = Vi - Vo - Vi " BV = ({{LRYO-LRIIV o} - LR o H(-LR o)V}

® NBVy, = RViy - Vot - Vi - RVgy

M= (Fw)(RVy), where F, is the fraction of tailwater relative to applied irrigation water (RV 4.);
' BV = {{(LR(1-LRIIV o} - {{{LR oy 1-LR i I(Vad}:

| NBV,, =V, - BV, * Vy, + Va, = total volume of drainage water:

| BV = total velume of beneficial water = crop ET plus required leaching = 1806K acra-feat + RV 4, + BV,

| BV, + RV, = total beneficial leaching water; ' V,, + Vay = total valume of drainage water;

™ NBV,y = total volume of non-beneficial water = NBV , + NBV,,: " %NBV = 100 (NBV, MRV,

® RVcr is the required volume of Colorado River water, where V ot = Vi = 1808 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV is the required volume of Colorado River water, where V ,, - V,, = 1806 KAF - (effective rainfall of 101 K ac.ft.)
9 RV¢p is the required volume of Colorado River water, where V o, - V,, = 1806 KAF - (effective rainfall of 151.5 K ac.ft.)
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Table 11-1f. Caleulation of Water Duty of 1D, for 1994 Crop Consumptive Use * and EC,, = 1.213 dS/m

volumes in thousands of acre-feet

LRy’ = 0.08154

LR, = 0,12331

tailwater percentages

tailwater percentages

%NBV,,"

item 5% [ 0% | 15% [ 20% 5% 0% | 15% | 20%
LRy’ 0.0807 0.0708 0.0788 0.0777 0.1221 0.1207 0.1192 0.1175
LR’ 0.0767 0.0718 0.0670 0.0621 0.1160 0.1086 0.1013 0.0940

62.7 1958.1 2057.1 20539 2050.4 2048.3

RV, 158.6 156.7 154.5 152.4 2511 247.9 244 .4 240.3
V! 158.6 156.7 154.5 152.1 251.1 247.9 244.4 240.3
NBV,? 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vi 103.4 218.1 346.0 489.5 108.3 228.2 361.8 511.6
BV, 17 37 5.8 8.3 29 6.1 97 13.7
NBV,/ 104.7 214.4 340.1 481.3 105.4 222.1 352.2 497.9
BV + RV, 160.3 160.3 160.3 160.3 254.0 254.0 254.0 254.0
Vit Vot 262.0 374.7 500.5 6416 359.4 476.1 606.2 751.9
BV, 1966.3 1966.3 1966.3 1966.3 2080.0 2060.0 2060.0 2080.0
NBV,," 101.7 214.4 340.1 481.3 105.4 222.1 352.2 497.9
49 9.8 14,7 49

9.7 14.6

S

© for total crop consumptivi

e use of 1806K acre-feet ;
® LR = LRy, or LRy, the IID crop-weighted WATSUIT- and Traditional- LR values, respectively;
® LRinsy = [(1-F P cad(1-FoJ{LRY; LRy, = (1-F W F e LR); assuming F o = 1.9;
* RV = [(Vad(1-LRingy )l RV = [(VerVad(1-LR o dH(1-F )i © RV = (LR g (1-LR ol (Vi)

Vaw = Viy - Ver- Vot " BV, = {{LRV(-LRIKV o0} - {I{LR s} (1 -LR iV}

9 NBV 4, = RV, - Vg = Vi - RVay

" Vi = (Fi)(RViy), where F, is the fraction of tailwater relative to applied irrigation water (RV ..);

' BV = {I{LRY(I-LRIKV o} ~ LR cnod (1L Rins SV o0;

! NBV,, = Vi, - BV, ¥ Vi, + Vi, = total volume of drainage water;

' BV = total volume of beneficial water = crop ET plus required leaching = 1806K acre-fast + RV 4, + BV,

BV, + RV, = total beneficial leaching water; 1v,, + Vg = total veluma of drainage water;

™ NBV,y = total volume of non-beneficial water = NBV y, + NBV,,; " %NBV = 100 (NBVWIRV,,:

® RV¢g is the required volume of Colorado River water, where V at = Vry = 1806 KAF - (effective rainfall of 50.5 K ac.ft.)
P RV¢g is the required volums of Celorado River water, whare V o - V., = 1806 KAF - (effective rainfall of 101 K ac.ft.)
" RV I8 the required volume of Colorade Rivar water, where V , - V,,, = 1808 KAF - (effective rainfall of 151.5 K ac.it.)




Table 41-1g. Calculation of Water Duty of IID, for 1995 Crop Consumptive Use 2, and ECy,, = 1.213 dS/m

volumes in thousands of acre-feet

? for total crop consumptive use of 1806K acre-feet ;
® LR = LRy or LRy, the 1iD crop-weighted WATSUIT- and Traditional- LR values, respectively;
® LRinw = [{(1-F soF cer/(1-F o JJILR); LR, = (1-F o F o LRY; @assuming F oy = 1.19;
? RVt = [Vl (1-LRanl RV = [V ar Vi (1-LR i dV(1-F )i ® RV = {LRop O -LR )XV
"Vigw = Vi - Vot = Vi " BV, = {I{ILRV{1-LR)KV o} - (LR oM 1-LR )V o)l
I NBVay = RV - Vi - Vi~ RVgy
P Vi = (Fud{RVi), where Fy, is the fraction of tailwater relative to applied irigation water (RV )
' BViw = JILRV(T-LRIV o0} - (LR ) {1-LR UV enl}:
NBV,, = Vi, - BV} © Viw + Vaw = total volume of drainage water,;
| BVyy = total volume of beneficial water = crop ET plus required leaching = 1806K acre-fest + RV 4, + BV,
VBV, * RV, = total baneficial leaching water; !V, + V4, = total volume of drainage water;
™ NBV,y, = total valume of non-baneficial water = NBV ,, + NBV,,: " %NBV = 100 (NBV )RV,
® RVg is the required volume of Colorado River water, whare V o - V,, = 1808 KAF - (affective rainfall of 50.5 K ac.ft.)
P RV qp is the required volume of Colorado River water, where V , - V,,, = 1806 KAF - (effective rainfall of 101 K ac.ft.)
9 RV, is the required volume of Colorado River water, where V ;- V,,, = 1806 KAF - (effective rainfall of 151.5 K ac.ft.)

LRy" = 0.079034 LRy = 0.121113
tailwater percentages tailwater percentages

itern 5% | 10% [ 15% | 20% 5% [ 10% | 15% 1 20%
LRy’ 0.0782 0.0774 0.0764 0.0753 0.1199 0.1186 0.4171 0.1154
LRy 0.0743 0.0696 0.0649 0.0802 0.1139 0.1067 0.0995 0.0923
RV 1959.3 1957.4 1955.4 1953.0 2052.0 20489 2045.4 2041.5
RViu 1533 1514 149.4 147.0 246.0 242.9 230.4 2355
Vo 153.3 151.4 149.4 147.0 246.0 242.9 239.4 235.5

NBVg, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
V' 103.1 217.5 345.1 488.3 108.0 2277 361.0 £10.4

BV,, 1.7 35 56 8.0 2.8 6.0 9.5 13.4
NBV,,/ 101.4 213.9 339.4 480.3 105.2 221.7 351.5 497.0
BV, + RV, 155.0 155.0 155.0 155.0 248.9 248.9 248.9 2489
Vit Vgt 256.4 368.9 494.4 635.3 354.0 470.6 600.4 745.9
BVy' 1961.0 1961.0 1961.0 1961.0 2054.9 2054.9 2054.9 2054.9
NBV™ 101.4 339.4 480.3 105.2 2217 351.5 497.0
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Table 11-1h. Calculation of Water Duty of lID, for 19986 Crop Consumptive Use ®, and EC,, = 1.213 dS/m

volumes in thousands of acre-feet

LRy, = 0.079230

LR,"= 0118697

tailwater percantages

tailwater percentages

item 5% | 10% | 15% [ 20% 5% | 10% [ 15% | 20%
LRy 0.0784 0.0776 0.0766 0.0755 0.1175 0.1162 0.1147 0.1131
0.0745 0.0698 0.0651 0.0604 0.1116 0.1046 0.0975 0.0904
7 .8 19 2046 2043.4 2040.0 2036.2

RV, 153.7 151.8 149.8 147.4 240.5 237.4 234.0 230.2
Vaw 153.7 151.8 149.8 147.4 240.5 237.4 234.0 230.2
NBVg,? 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
v, 103.1 217.5 3451 488.4 107.7 227.0 360.0 509.1
BV 17 3.6 5.6 8.0 2.8 5.8 9.2 13.0
NBV,, 101.5 214.0 3395 480.4 105.0 221.2 350.8 496.0
BV, + RV, 155.4 155.4 155.4 155.4 2432 243.2 243.2 2432
Vit Vo' 256.9 369.4 494.9 635.8 348.2 464.5 594.0 739.3
BV 1961.4 1961.4 1961.4 1961.4 2049.2 2049.2 20492 2049.2
NBV,™ 101.5 214.0 3395 480.4 105.0 221.2 350.8 496.0
%NBVyy 49 9.8 19.7 9.7 146 19.5

1_4.8

® for total crop consumptive use of 1806K acre-fest ;

° LR = LRy or LRy, the 1D crop-weighted WATSUIT- and Traditional- LR values, respectively;

® LRitw = [(1-F P cond(1-FrdI(LR); LRy = (1-FraFor) (LRY; assuming F o, = 1.19;

@ RVisy = (Vo (1-LRiun)]i RV = [(Ver V) 1-LR s (1 F )i © RV = {LR i M1 -LR Ve

"V = Vi - Veu - Vg " BV = {[(LRYCI-LR)IY o0} - {{LR oV (1-LR o) }(Vaik

7 NBV gy = RV}, = Vet - Viw - RVaw |

" Vi = (Fud(RV,,), where F., is the fraction of tailwater relative to applied irrigation water (RV )

' BV = {I(LRY(1-LRIKV o)} - LR and(1-LRon)}(Vedh:

) NBV,y = Vi - BV © Vi + Vi = total volume of drainage water;

"BV, = fotal volume of beneficial water = crop ET plus required leaching = 1806K acre-feet + RV 4, + BV,

'BV,, + RV, = total banaficial leaching water; ' V,, + V4, * total volume of drainage water;

" NBV,, = total valume of non-beneficial water = NBV , + NBV,,; " %NBV = 100 (NBV\,)/RV,,;

® RV is the required volume of Colorado River water, where V - V,,, = 1806 KAF - (effsctive rainfall of 50.5 K ac.ft.)
P RV¢p is the required volume of Colorade River water, where V . - V., = 1806 KAF - (effective rainfall of 101 K ac.ft.)

9 RVcr is the required volume of Colorado River water, where V - V,,, = 1806 KAF - (sffective rainfall of 151.5 K ac.ft.)




Table 11-2a. Calculation of Water Duty of 1D}, for 1989 Crop Consumptive Use ®, and EC,, = 1.213 dS/m

volumaes in thousands of acre-feet

LRy® = 0.090264 LR;" = 0.128284
tailwater percentages tailwater percentages

item 5% [ 10% | 158% 20% 8% | 10% | 15% | 20%
LR’ 0.0884 0.0884 0.0872 0.0860 0.1270 0.1256 0.1240 0.1222
LR..* 0.0849 0.0795 0.0742 0.0688 0.1207 0.1130 0.1054 0.0978
RVinte 1986.0 1983.8 1981.3 1978.6 20716 2068.2 2064.5 2060.2
RV, 177.5 1753 172.8 170.1 263.1 259.7 256.0 261.7
Vo 177.5 175.3 172.8 170.1 263.1 259.7 256.0 2517

NBV,,° 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Vi 104.5 220.4 3496 4947 109.0 229.8 364.3 §15.1

BV,, 20 42 6.6 9.3 3.0 6.4 10.2 14.4
NBV,, 102.6 216.3 3431 4853 106.0 223.4 3541 500.7
BV + RV 179.4 179.4 179.4 179.4 266.1 266.1 268.1 266.1
Vit V' 282.0 3057 522.5 664.8 372.1 489.5 620.4 766.8
BV, 1987.9 1987.9 1987.9 1987.9 2074.6 20746 20746 2074.8
NBW," 102.6 216.3 3431 4853 106.0 223.4 354.2 500.7

%NBV," 49 0.8 14,7 19.6 4.9 9.7 14.6 19.4

* for total net crop consumptive use of 1808.5 K acre-feet;

7 NBde = RVM' Vat 'VM - RVW '

' BViy = {I{LRY(1-LRYV o} - {(LR i (*-LR ) KV}

I NBV,, = Vi - BV ¥ Viw * Vo, = total volume of drainage water;
' BVy, = tolal volume of beneficial water = crop ET plus required leaching = 1806K acre-feet + RV 4, + BV,
"BV, * RV, = total beneficial leaching water; 'V, + V,, = total volume of drainage water;

™ NBVy, = total volume of non-beneficial watar = NBV ,, + NBV,,; " %NBV = 100 (NBV\/RV,,;

PLR = LRyor LRy, the [ID crop-weighted WATSUIT- and Traditional- LR values, respectively;
€ LRingw = [(1-F P e (1-F w)l(LR); LRy = (1-FpF e )(LR); assuming F o, = 1.19;
® RVipp = [(VarVa (1L Ru)l: RV = [(Var Vi (1-LRintad {1-F); © RVigw = HLR i H(1-LR o (Ve
"Vaw = Vi - Ve~ Vi " BVyy, = {ILLRM1-LR)I(V o} - {[{LR e (1-LR )V e):

P Vi = (Fu)l(RV,), where F,, is the fraction of taiiwater relative to applied irrigation water (RV ,,);
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Table 11-2b. Calcutation of Water Duty of 1D, for 1990 Crop Consumptive Use °, and EC;, = 1.213 dS/m

volurmes in thousands of acre-feet

RV 186.7 184.0 181.1 271.7 268.2

LRy = 0.097382 LR;® = 0.134344
tailwater percantages tailwater percentages
itern 5% [ 0% [ "15% [ 20% 5% | _10% [ 15% [ 20%
LRinsw” 0.0964 0.0953 0.0941 0.0928 0.1330 01315 0.1208 0.1280
[ 0.0916 0.0858 0.0800 0.0742 0.1264 0.1184 0.1104 0.1024
1958.1 19654 1952.5 20431 2039.6 2035.7 2031.3

Vi 189.0 186.7 184.0 181.1 271.7 268.2 264.3
NBV,,*? 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vi, 103.2 217.6 3451 488.1 107.5 226.6 359.2 507.8
BY,, 2.1 4.5 7.1 10.0 3.2 6.7 106 15.0
NBV,,/ 101.1 2131 338.0 4781 104.4 219.9 348.7 492.9
BV, + RV, 191.1 191.1 191,14 191.1 274.9 274.9 274.9 274.9
Vit Vg 2922 404.2 529.1 669.2 379.3 494.9 623.6 767.8
BV, 1962.5 1962.5 1962.5 1962.5 2046.3 2046.3 2046.3 2046.3
NBV,,™ 101.1 213.1 338.0 4781 104.4 219.9 348.7 4929
%NBW,," 49 9.8 14.7 10.6 4.9 9.7 14.6 19.4

® for total net crop consumptive use of 1771.4 K acre-feet;

PLR = LRy or LRy, the IID crop-weighted WATSUIT- and Traditional- LR values, raspectively;

® LRintw = [(1-F o Fen)(1-Fo](LR); LR, = (1-FuFon)(LR); assuming F ., = 1.19;

* RVioe = [(Var Vi (1-LR s )l; RV, = [(VorVin 1 -L Ryl (1-F os); * RV = [(LRippu)(1-LRips Nl (Ver);
 Vaw = Viw = Vot = Vs " BV = ILRYI-LR)(V o0} - LR s (1-L R ) V)

? NBV4,, = RV - Vet - Vi - RV, !

"V = (Fu){RVy,), where F, is the fraction of tailwater relative to appliad irrigation water (RV ),
"BV = {[{LR(1-LRINV )} - LR s (1-LR (V)

i NBV\, = Vi, - BV} k Vi + Vo = total volume of drainage water;

! BVyy = total valume of beneficial water = grop ET plus raquired leaching = 1806K acre-feat + RV 4, + BV,
BV, + RV, = total beneficial loaching water; | Vi + Vg = total volume of drainage water;

™ NBV,y = total volume of non-beneficial water = NBY w + NBV,,: "%NBV = 100 (NBVWy/RV,,;




@

Table 11-2c. Calculation of Water Duty of IID, for 1891 Crop Consumptive Use %, and ECi, = 1.213 dS/m

volumes in thousands of acre-fest

LRy" = 0.093369 LR;" = 0.132277

tailwater percentages tailwater percentages

item 5% | 10% [ 5% | 20% 6% | 10% | 15% | 20%
LRirw 0.0924 0.0914 0.0002 0.0889 0.1310 0.1295 0.1278 0.1260
LR;° 0.0878 0.0822 0.0767 0.0711 0.1244 0.1165 0.1087 0.1008
1791.4 1789.1 1786.6 1873.0 1869.8 1866.3 1862.3

RV 165.8 163.7 161.4 158.9 245.3 2421 238.6 234.6
Vo 165.8 163.7 161.4 158.9 2453 2421 238.6 234.8
NBV,,’ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
v, 94.4 199.0 3157 446.6 98.6 207.8 329.3 465.6
BV, 1.8 3.9 6.2 87 29 6.0 9.5 13.5
NBV,,/ 92.5 195.2 309.6 437.9 95.7 201.7 319.8 452.1
BV,, + RV, 1676 167.6 167.6 167.6 248.1 248.1 2481 248.1
Vit Vau© 260.2 362.8 477.2 605.5 343.9 449.9 567.9 700.2
BV 1795.3 1795.3 1795.3 1795.3 18758 1875.8 1875.8 1875.8
NBV,,™ 92.5 195.2 309.6 437.9 95.7 201.7 319.8 452.1
%NBVy" 49 9.8 14.7 19.6 4.9 9.7 14.6 19.4

? for total net crop consumptive use of 1627.7 K acre-feet;

PLR = LRw or LRy, the HD crop-weighted WATSUIT- and Traditional- LR values, respectively;
© LRintw = [{1-F soFed(1-F ) (LR}, LRy, = (1-F FenMLR); assuming F o, = 1.19;
" RVime = (Vo Vo 1-LRia)]: RV = (Vo Vo(1-LRinaV(1-Fo; ® RVay = (LR 1-LR ) KVl
"Vaw = Viou = Vi = Vi " BV = JILRI-LRIKV o} - {ULR o H(1-LR ) Vel

9 NBVy, = RV}, - Vi - Viw- RV ;

P Ve = (Fu)(RV;,), where £\ Is the fraction of tailwater relative to applied itrigation water (RV ,.);

' BV = {IILRY(1-LRIKV o} - {ER il (1L R (Ve
I NBVyy, = Vi, - BV ¥V, + Vg, = total volume of drainage water;
' BV, = total volume of beneficial water = crop ET plus required leaching = 1806K acre-feet + RV 4, + BV,
'th,, + RV, = total beneficial leaching water; 1 V,, + V4, = total volume of drainage water;

™ NBV,y, = total volume of non-benaficial water = NBV , + NBV,,; " %NBV = 100 {NBV,)/RV;




Table 11-2d. Calculation of Water Duty of ID, for 1992 Crop Consumptive Use ®, and EC,, =1.213 dS/m

volumes in thousands of acre-feet

LRy” = 0.080504 LR;” = 0.123182
tailwater percentages tailwater percentages

item 5% [ 0% [ 15% | 20% 5% | 0% T 15% | 20%
LRins’ 0.0797 0.0768 0.0778 0.0767 0.1220 0.1206 0.1191 0.1173
LR,° 0.0757 0.0709 0.0661 0.0613 0.1159 0.1085 0.1012 0.0839
1590.5 158 1587.2 1585.3 1667.0 1664.4 1661.5 1658.3

RV, 126.8 125.2 123.5 121.6 203.3 200.7 197.8 194.6
V! 126.8 125.2 123.5 1216 203.3 200.7 197.8 194.6

NBv,,? 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Vi 83.7 1765 280.1 396.3 87.7 184.9 293.2 4148

BV, 1.4 29 47 6.8 2.3 4.9 7.8 11.1
NBV,,) 82.3 1736 275.4 389.7 85.4 180.0 2854 403.5
BV, + RV, 128.2 128.2 128.2 128.2 205.6 205.6 205.6 205.6
Vit Vo 210.5 301.8 403.6 517.9 291.0 3858 491.0 609.1
BV, 1591.9 1501.9 1591.9 1591.9 1669.3 1668.3 1669.3 1669.3
NBVy,™ 82.3 1736 275.4 380.7 85.4 180.0 285.4 403.5

%NBV" 49 a.8 14.8 19.7 49 9.7 14.6 19.5

J NBde = RVM 'Vel' VM - RV.M;

' BV = {[(LRI(I-LRIKV o0} - {IILR sy (1-LRyn KVl

® for total net crop consumptive use of 1463.7 K acre-feat;
PR = LRw or LRy , the ID crop-wsighted WATSUIT- and Traditional- LR values, respectively:
© LRinpy = [(1-F yF e {1-F W JULR); LR, = (1-FuFaw)(LR); assuming F o, = 1.19;
“ RViaw = [(Var- Ve (1-LR o)) RV = Vo Ve (1-LR iV (1-F 1), ® RV, % (LR U 1-LR ) KV
"Vaw = Vi = Vot - Vi "BV, = {HLRY(I-LR)V e} - (LR iasud (1-LR )V et)};

| NBVy, = Vi - BV * Vi + Vi, = total volume of drainags water:
' BVy = total volume of beneficial water = crop ET plus required leaching = 1806K acre-fest + RV 4, + BV
"BV, + RV, = total benaficial leaching water; ' V, + V, = total velume of drainage water;

™ NBV\y = total volume of non-beneficial water = NBV ,, + NBV,,; " %NBV = 100 {NBVW)/RV,,;

h Viw = (Fu)(RVy,), where F, is the fraction of tailwater relative to applied irrigation water (RV ,.);
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Table 11-2e. Calculation of Water Duty of 11D, for 1993 Crop Consumptive Use 2, and ECy, =1.213 dS/m

volumas in thousands of acre-feet

LRy = 0.080548

LR;® = 0.121952

tailwater percentages

tailwater percentages

BV,
NBV,,)
BV, + RVgy,
Vit Vauk
BV
NBV,,"
%NBVy"

136.4
136.4
0.0
80.0
1.5
88.5
137.9
2264
1711.7
a8s
4.9

1347

132.9
134.7 132.9
0.0 0.0
189.8 3M.2
3.2 5.0
186.7 296.2
137.9 137.9
3245 434.0
1711.7 1711.7
186.7 25662
9.8 14.8

130.8
130.8
0.0
426.1
71
4191
137.9
556.9
1711.7
4191
19,7

218.1
216.1
0.0
942
25
91.7

2186
3103
1792.4
91.7
4.9

item 5% [ 0% | 15% 20% 5% | 10% [ 15% | 20%
LRinw 0.0797 0.0788 0.0778 0.0767 0.1207 0.1194 0.1179 0.1162
LRy* 0.0758 0.0710 0.0662 0.0614 0.1147 0.1074 0.1002 0.0929
RVirsw' 1710.2 1708.5 1706.7 1704.6 1789.9 17871

1780.6

213.3 2103 206.8
2133 210.3 206.8
0.0 0.0 0.0
198.6 314.8 4452
5.2 8.3 11.7
193.3 306.5 433.4
2186 21886 21886
411.9 5251 652.0
1792.4 1792.4 1792.4
193.3 306.5 433.4
9.7 14.6 19.5

2 for total net crop consumptive usa of 1573.8 K acre-fest;

PIR= LRw or LRy, the IID crop-weighted WATSUIT- and Traditional- LR values, respectively;
® LRiuy = [{1-FrF ) (1-F oo (LRY; LR}, = (1-FnFaw)(LR); assuming F 4, = 1.19;
? RVinnw = UV or Vord (1-LR i)l RV, = [(Var V(1L R s JH1-Fod: ® RV = [(LR i 1-LR i) (Ve):
Vw2 Vi = Vot = Vgt " BV = {ILRM1-LRIKV o0} - LR o (1-LR ) (Vo)

I NBV,, = RViy - Var - Viw - RV ;

My, = (Fu)(RV,,}, where F, is the fraction of tailwater relative to applied irgation water (RV )

' BV = {I{LRY(1-LRINV o0} - {{LR i (T -LRios (Vo0
! NBVy = Vo = BV, ¥ Vi, + Vo, = total volume of drainage water:
' BVyy = total volume of beneficial water = crep ET plus required leaching = 1806K acre-feet + RV 4, + BV,
| BV}, + RV, = total beneficial leaching water; ! Vi, + V,, = total volume of drainage water;

™ NBV,, = total volume of non-beneficial water = NBY w + NBVy,: " %NBV = 100 (NEV, )RV,




Table 11-2f. Calculation of Water Duty of 11D, for 1994 Crop Consumptive Use *, and EC,, = 1.213 dS/m

velumes in thousands of acre-faet

LRy = 0.08154

LR;" =0.12331

tailwater parcentages

tailwater percentages

itern 5% | 10% [ 15% | 20% 5% [ 10% | 158% [ J0%
LRy’ 0.0807 0.0798 0.0788 0.0777 0.1221 0.1207 0.1192 0.1175
LR’ 0.0767 0.0718 0.0670 0.0621 0.1160 0.1086 0.1013 0.0940
1907.7 1905.6 1903.2 1999.5 1996.4 1982.9 1989.0

RV, . 152.3 150.2 147.8 2441 241.0
Vi 1541 152.3 160.2 147.8 244.1 241.0 237.5 2336
NBV,,? 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
V" 100.5 212.0 336.3 475.8 105.2 221.8 351.7 497.3
BV, 1.7 36 5.7 8.0 28 5.9 9.4 13.3
NBV,,] 98.8 208.4 3306 467.8 102.4 215.9 342.3 484.0
BV} + RV 155.8 155.8 155.8 185.8 246.9 246.9 246.9 246.9
Vi V' 254.6 364.2 486.4 623.6 349.3 462.8 589.2 7309
BV, 1911.2 1911.2 1911.2 1911.2 2002.3 2002.3 2002.3 2002.3
NBV,," 98.8 208.4 330.6 467.8 102.4 215.9 342.3 484.0
%NBVy" 49 9.8 14.7 19.7 49 9.7 14.8 19.5

" for total net crop consumptive use of 1755.4 K acre-feet;
bIR= LRy or LRy, the IID crop-weighted WATSUIT- and Traditional- LR values, respectively,
“ LRintw = [{1-F syFone(3-F)lLR); LR, = (1-F o F o X{LR); assuming F ., = 1.19;
* RViow, = I(Var V) (1-LR )l RViy = [(Var Vad{1-LR g )M(1-F ) @ RV, = HLR i (1-LR pr dH V),
Vew = Viw - Vor - Vi " BV, = JILRV(1-LRIKV o} = (LR s HO-LR el (Vad}:

INBVyy = RV, « Vo - Vi - RV gy

PV = (Fuw){RVy,), where F\, is the fraction of taitwater relative to applied irrigation water (RV .}
"BV, = {IILRY(1-LR)(V o} - ([(LR e (1-LRing, V0
I NBVyy = Vi - BV, ¥V, + Vi, = total volume of drainage water:
' BV, = total volume of beneficial water = crop ET plus required leaching = 1808K acre-feet + RV 4, + BV
'BVy, + RV,, = total beneficial leaching water; 1V, + V4 = total velume of drainage water;

" NBVyy = total volume of non-beneficial water = NBV ,,, + NBV,,; " %NBV = 100 (NBVWRV,y;
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Table 11-2g. Calculation of Water Duty of IID, for 1995 Crap Consumptive Use °, and ECy, = 1.213 dS/m

volumes in thousands of acre-fest

LRy’ = 0.079034

155.0 153.1

165.0 163.1

161.0

148.6

151.0 148.6

248.7

2455

LR," = 0.121113
tailwater percentages tailwater percentages
item 5% | 10% [ 5% | 20% 5% | 10%_ [ 15% | 20%
LRingy” 0.0782 0.0774 0.0764 0.0753 0.1199 0.1186 01171 0.1154
LR,’ 0.0743 0.0696 0.0849 0.0502 0.1139 0.1087 0.0995 0.0923
1978.6 976, 1974.1 2074.2 2071.0 2067.5 2063.6

248.7 245.5 242.0 238.1
0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
Vi 104.2 219.8 348.8 493.5 109.2 2301 364.9 515.9
BV, 1.7 36 5.7 8.0 29 6.1 96 13.5
NBV,, 102.5 216.3 3431 485.5 106.3 224.0 356.3 §02.3
BV, + RV, 158.7 156.7 156.7 158.7 251.6 251.8 2516 251.6
Vit Vgt 259,2 372.9 499.8 642.1 357.9 4758 606.9 753.9
BVy/ 1982.2 1982.2 1982.2 1982.2 2077.4 20771 2077.1 2077.1
NBV,," 102.5 216.3 343.1 485.5 106.3 2240 355.3 502.3
%NBV," 4.9 9.8 14.8 19.7 49 9.7 14.6 19,5

GNBVM=RVM-V°1-Vm-Rde;

' BV = ({LRY(1-LRI(V o} « (LR o (1-LR o MV

* for total net crop consumptive use of 1825.5 K acre-fest;
FLR = LRy or LRy, the ID crop-weighted WATSUIT- and Traditional- LR values, respectively;
LRyt = HA-FrF o 1-F)l(LR); LR,, = (1-FF ) (LR); assuming F o, = 1.19;
® RViow = [V e Vi)(1 LRinp)l; RV, = [(V oV 1-LR s I(1-F o ); * RV, = (LR and(1-LR s )V ot):
 Vaw = Vi - Var - Vi " BViy = [{LRYA-LRIV o0} - {l0LR o 1-LR s}V,

I NBV,, = Vy, - BV * Vi, + Ve, = total volurme of drainage water;
' BVy = total volume of beneficial water = crop ET plus required leaching = 1806K acre-fest + RV aw T BV
'BVy, + RV, = total bensficial leaching water; IV + Vg, = total volume of drainage water:

" NBVyy = total volume of non-beneficial water = NBY w + NBVy,, " %NBV = 100 (NBV )RV,

P Ve = (Fuw)(RV,,). where Fy, is the fraction of tailwater relative to applied irfigation water (RV

i




Table 11-2h. Calculation of Water Cuty of IID, for 1996 Crop Consumptive Use * and EC,, = 1.213 dS/m

volumes in thousands of acre-feet

LRy" = 0.079230

LR;" = 0.118697

tailwater parcentages

tailwater percentages

5%

1549

152.7

150.4

10% | 15% [ 20% 5 1 10% | 15% | 20%
LR’ 0.0784 0.0776 0.0766 0.0755 0.1175 0.1162 0.1147 0.1131
LR,° 0.0745 0.0698 0.0651 0.0604 0.1116 0.1046 0.0875 0.0904
RV 1998.8 1996.9 1994.7 992.4 2087.3 2084.2 2080.7 2076.8

245.3 2422 238.7 234.8
Vou 156.8 154.9 152.7 150.4 245.3 2422 2387 234.8
NBV,,? 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
v," 105.2 221.9 352.0 498.1 109.9 2316 367.2 519.2
BV,, 17 36 5.8 8.1 28 59 9.4 13.3
NBV,,/ 103.5 2182 346.3 488.9 107.0 225.6 357.8 505.9
BV, + RV,,’ 158.5 158.5 158.5 158.5 248.1 2481 2481 248.1
Vit Vgok 262.0 376.7 504.8 648.4 3551 473.7 605.9 754.0
BV 2000.5 2000.5 2000.5 2000.5 2090.1 2090.1 2090.1 2090.1
NBV,," 103.5 218.2 346.3 489.9 107.0 2256 357.8 505.9
%NBV,," 49 9.8 14.8 19.7 4.9 9.7 14,6 19,5

? for total net crop consumptive use of 1842.0 K acre-feet:
PLR = LRw or LRy, the 1D crop-weighted WATSUIT- and Traditional- LR values, respectively:
“ LR = [(1-F o Feud1-F)LR); LR, = (1-FuFawd{LR); assuming F 4, = 1.19:
" RVinw = [(VarViuH(1-LRian)T; RViy = [V eV H(1-LR o) H1-Fry: © RV = (LR i -LR Vo)
"Vau = Vi = Var- Vi " BVy, = {IILRY(1-LRIY o0} - (LR oy (1-LR (Vo)

® NBVyy, = RV - Vg~ Vi - RV, :
MV = (Fu)(RV,), where F, is the fraction of tailwater relative to applied irrigation water (RV
'BVy = {([(LRV(A1-LR)|(V o0} - {{LRand(1-LR s IV erlhi
I NBViy, = Vi - BV ¥ Vi, + Vg, = total volume of drainage water;
' BV = total volume of beneficial water = crop ET plus required leaching = 1806K acre-feet + RV ow F BV
'BV, + RV, = total bensficial leaching water; | Viw + Vi = total volume of drainage water;

™ NBV,, = total volumae of non-beneficial water = NBY tw + BV, " %NBV = 100 (NBV W)/RV,,;

i
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Table 12a, Variation in Required Leaching (LR ;) and Irrigation Requirement (RvV M)’, 1989-1998

Required Volumes of Irrigation Water, RV i IN thousands of acre-feet

tailwater percentages

tailwater percentages

year LRy 5% | 10% | 15% | 20% LR, 5% | 10% | 15% | 20%
1989 1 00903 | 19709 20782 21675 23318 | 0.1283 | 20558 21666 33698 34279
1990 | 00974 | 19862 20040 22140 23493 | 01343 | 20701 21813 23051 24441
1991 1 00934 | 19775 20850 22048  2339.2 | 0.1323 | 20853 21763 22988 24385
1692 | 00805 | 19502 20565 21751 23083 | 0.1232 | 20441 21542 22774 24145
1993 | 00805 | 19502 20543 21754  2308.3 | 01220 | 2041.1 21513 20740 24115
1894 1 00815 1| 19523 20887 21775 23108 | 0.1233 | 20444 21545 22773 24150
1995 | 00790 | 1947.0 20534  2171.8 23048 | 0.1211 | 20302 21494 22718  2400.3
1996 | 00792 | 19474 20538 21723 23053 | 0.1187 | 20337 21435 22658  2403.0
mean | 0.08523 | 1960.2 20667 2186 23197 | 012530 | 20492 21596 22826 24205

variance (0.000053 | 2415 2682  281.3 3102 |0000031| 1708 1837 1976 2164

sD |o0.007284| 155 16.4 16.8 17.6  10.005607 | 13.1 13.6 14.1 14.7
SE |0o002575| 55 5.8 5.9 62 |0001982| 46 48 5 5.2
cV 9% 1% 1% 1% 1% 4% 1% 1% 1% 1%

! assuming an effective annual rainfall of 101 thousand acre-feet, V = 1806 thousand acre-feet: EC w=1.213 dS/m.




Table 12b. Variation in Required Leaching (LR i) and Jrrigation Requirement (RV w), 1889-1996

Required Volumes of Irrigation Water, RV i N thousands of acre-feet

tailwater percentages

tailwater percentages

year LRy 5% | 10% 15% | 20% LRy 5% | 10% | 15% | 20%
1989 | 0.0903 | 2090.5 22042 ~ 23310 24733 | 0.1263 | 21806 22980 24285 3553
1990 | 00974 | 20836 21756  2300.5 24406 | 0.1343 | 21507 22863 23950 25390
1991 ] 00934 | 1887.0 19905 21049 22332 | 01323 | 19716 20776 21958 23979
1952 ) 0.0805 | 16742 17655 18673  1981.6 | 0.1232 | 17547 18493 10547 20728
1993 | 00805 | 1800.2  1898.3  2007.8  2130.7 | 0.1220 | 18841 19857 2008.9 22958
1994 | 00815 | 20100 21196 22418 23790 | 01233 | 21047 22182 23446 24363
1995 | 00790 | 20847 21984 23253  2467.6 | 0.4211 | 21834 23011 23424 25794
1996 | 00792 | 21040 22187 23468 24904 | 0.1187 | 21971 23157 24479 25080
mean | 0.08523 | 19644 20713 21907 23245 | 0.12539 | 20534 21640 22760 24253
variance | 0.000053 | 26544.5 28389.5 31748.2 35723.7 | 0.000031 | 27200.6 30208.6 31038.0 37946 4
SD 10007284 | 1508 1685 1782  189.0 |0.005607| 1649 1738 1762 1948
SE |o0.002575| 565 59.6 63.0 66.8 |o0.001982| 583 61.4 82.3 68.9
cV 9% 8% 8% 8% 8% 4% 8% 8% 8% 8%

1 assuming an effective annual rainfall of 101 thousand acre-feet, V

= variable with year; EC,, = 1.213 dS/m.




Table 13a. IID Water Requiremsnt for 2000-2002 Crop Consumptive Use ® and EC,, = 1.0909 dS/m

volumes in thousands of acre-feat

LRy” = 0.058153 LRy = 0.1056783

tailwater percentages_F ,

tailwater percentages_F,,

item 5% 095 | 10% 095 | 15% 0.95 5% 10 T 10% 10T 15% 10
LRy’ 0.0576 0.0569 0.0562 0.1047 0.1035 0.1022
LR,® 0.0520 0.0487 0.0454 0.0995 0.0932 0.0869
RV o’ 1809.5 1808.2 1806.8 1904.8 1902.3 1899.5

RVgy" 104.2 102.9 6 199.5 197.0 194.2
V! 199.4 198.1 196.6 199.5 197.0 194.2
NBV,,? 95.2 95,2 95.1 0.0 0.0 0.0
Vi 100.2 211.5 3356 100.3 211.4 335.2
BV,, 1.1 24 a7 2.3 48 75
NBEV,) 99.1 209.1 331.9 98.0 206.6 327.7
BV, + RV, 105.3 105.3 105.3 201.7 201.7 201.7
Vit Vot 299.7 409.6 532.3 209.7 408.3 529.4
BV 1810.6 1810.6 1810.6 1807.0 1907.0 1907.0
NBV,,™ 194.4 304.3 427.0 96.0 206.6 3277
%NBV,," 97 14.4 19.1 4.9 9.8 14.7

C) "Vaw = Vi - Voo« Vi " BV, = {(LRV(1-LR)(V o)) - {[(LR i/ (1-LR )l Veds

O NBVy, = RV, - Vi - Vi, - RV, ;
h Viw = (Fu}{RVy), where F, is the fraction of tailwater relative to appfied irfigation water (RV ,,);
' BV = {[{LRY(1-LRYI(V o0} - (LR 1-LRisr}I(Venl};
| NBV,, = Vy, - BV, * Vi, + V,, = total valume of drainage water:
! BV\y = total volume of bensficial water = crop ET plus required leaching = 1654.293 K acre-fest + RV dw + BV,
"BV, + RV, = total beneficial leaching water; ! Vo + Vg, = total volume of drainage watar:
™ NBV,, = total volume of non-beneficial water = NBV , + NBV,; " %NBV = 100 {(NBVw)YRV;,,;

? for total crop consumptive use of 1,705,289 acre-feet (=V o - Viy), where V, = effective rain = E pt+Th
PlR= LRy or LRy, the IID crop-weighted WATSUIT- and Traditional- LR vaiues, respectively;

* LRinty = [(1-FyyFer)(1-F JHLR); LRy, = (1-Fa)(Fu)(LRiu); assuming F o, = 1.19;

“ RVione = {(VarVad{1-LRipg )l RViw = [(Ver Vad l(1-LRias) [N1AF ) (1-Fo)); ® RV, = {LRun ) (1-LR i) iV er);




Table 13b. Caleulation of ItD Water Requirement for 2000 Crop Consumptive Use ® and EC,, = 1.059 dS/m
volumaes in thousands of acre-feet

LR = 0.060004 LR;" = 0.104388
tailwater percentages_F , tailwater percentages_F ,
item 5% 095 | 10% 095 [ 15% 0.95 5% 1.0 | 10% 1.0 | 156% 1.0
LR’ 0.0594 0.0587 0.0580 0.1033 0.1022 0.1009
LRy’ 0.0536 0.0502 0.0468 0.0982 0.0920 0.0858

RV 18126 1811.3

1809.9 1801.4

1898.9

1896.2

106.0

1077 108.4 96.5 194.0 191.3
Vi 203.1 201.7 200.2 196.5 194.0 191.3
NBV,,° 95.4 95.3 95.3 0.0 0.0 0.0
Vi 100.4 211.8 336.2 100.1 211.0 334.6
BV, 1.2 24 39 22 47 7.4
NBV,,) 99.3 209.4 3323 97.9 208.3 327.2
BV, + RV, 108.8 i08.8 108.8 198.7 198.7 198,7
Vit Va X 3035 4138 536.4 296.6 405.0 525.9
B,/ 1813.7 1813.7 1813.7 1903.6 1903.6 1903.6
NBV," 1947 304.7 4278 g7.9 206.3 327.2
%NBV,," 97 14.4 19.4 49 9.8 147

® for total crop consumptive use of 1,704,892 acre-feet (= V , - V), where V,,, = effective rain = Ep + T;
PLR= LRy or LRy, the 1D crop-weighted WATSUIT- and Traditional- LR values, respectively;

° LRinpw = [(1-F P e (1-F ) {LR); LRy, = {(1-FadF oL Ri); assuming F o, = 1.19;

* RVt = [(Vor Voud(1-LRins)); RV, = [(VerVead(1-LR i I1AF ) (1-Fo)]; ® RV = [(LR s (1-LR ol Vit):
L' Vo= Viw = Vot = Vi " BV, = {[{(LRY(1-LRY](V o0} - {{LR ) 1-LRinell (Ve
UNBVy,, = RV, - Vi = Vi - RV, ;

P Ve = (Fru}{RVi,), where F, is the fraction of tailwater relative to applied irrigation water (RV
' BV = (LR 1-LRIKV o0} - (LR m(1-L Ry KV,

I NBV,,, = Vy, - BV, “V,, + V., = total volume of drainage water:

' 8V, = total voluma of beneficial water = crop ET plus required leaching = 1654.293 K acre-feet + RV aw + BV
'BV,y + RV, = total beneficial leaching water; 1V, + Vg, = total volume of drainage watar:

" NBV)y, = total volume of non-beneficial water = NBV g, + NBV,,; " %NBV = 100 (NBV VRV,

ol




Table 13c. Calculation of D Water Requirement for 2001 Crop Consumptive Use  and ECi, =1.102 dS/m

valumes in thousands of acre-feet

LRy = 0.063043

LRy® = 0.105872

tailwater percantages_F,,

tailwater percentages_F ,

2.7

109.8

1888.4

195.5

item 5% 095 | 10%_095 [ 15% 0.95 5% 10 [ 10% 10 [ 15% 1.0
LRint 0.0624 0.0617 0.0609 0.1047 0.1035 0.1023
LRy 0.0563 0.0528 00492 0.0995 0.0932 0.0870

1885.8

A ) 204.7 198.0 195.5 193.0
NBV,,? 95.0 94.9 0.0 0.0 0.0
Vi 100.0 334.9 995 200.8 3328
BV, 1.2 41 24 49 7.5
NBV,,} 08.8 330.8 97.1 204.9 325.3
BV, + RV, 113.9 1139 200.5 200.5 200.5
Vit Vg 307.8 539.6 297.5 405.4 525.8
BY, 1806.8 1806.8 1893.3 1893.3 1893.3
NBV,,™ 193.8 4257 97.1 204.9 325.3
%NBVY," 8.7 14.4 19,1 4.9 9.8 14.7

" for total crop consumptive use of 1,692,883 acre-feet (= V - V,,,), where V,,, = effective rain = Ep+Tp;
LR = LRy, or LRy, the IID crop-weighted WATSUIT- and Traditional- LR values, respactively,

* LRy = I(1-FruFod(1-FuJ(LR); LRy = (1-Fu)(Fo)(LRiysy); assuming F oy, = 1.19;

? RVt = {Vac Vo (T-LR )]; RV, = [(Var VD (1-L R {AAF )(1-Frd]; © RV = (LR H(1-LR | (Ve

Vaw = Vi - Vat - Vi " BViy = ([(LRVUI-LRKV o0} - {{(LR e (1-LR s}Vl
 NBV, = RV - Vot - Vi - RV, |
h Vi = (Fu)(RV,,), where F, is tha fraction of tailwater relative to applied irrigation water (RvV
'BVi = fLRY(1-LRYIV o0} - (LR (1L R V)
! NBV,,, = Vi - BV, Vi, + Vi, = total volume of drainage water:
' BV, = totaf voluma of beneficial water = crop ET plus required lsaching = 1654.293 K acre-feet + RV 4, + BV,,;
' BV, + RV, = total beneficial leaching water; |V, + Vaw = total volume of drainags water:

W

™ NBV)y = total volume of non-beneficial water = NBV ,,, + NBV4,, " %NBV = 100 (NBVwW)/RV,,:
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Table 13d. Calculation of HD Water Requiremant for 2002 Crop Consumptive Use ® and EC,, = 1.110 dS/m

volumes in thousands of acre-fost

LRy = 0059162

LR,® = 0.106859

tailwater percentages_F ,

tailwater percentages_F

item §%_095 | 10% 095 | 15% 0.98 5%_ 10 [ 10% 10 | 15% 1.0
LRy 0.0586 0.0579 0.0572 0.1058 0.1046 0.1033
LR;° 0.0829 0.0495 0.0462 0.1005 0.0841 0.0878
RV og” 1823.7 1 1921.4 1918.8 1916.0

RV, . 104.2 2033 200.7 197.9
Ve 201.6 200.1 203.3 200.7 197.9
NBV,,? 86.0 95.9 0.0 0.0 0.0
v,P 213.3 3385 101.1 213.2 338.1
BV, 24 as 2.3 4.8 7.7
NBV,, 210.9 334.7 08.8 208.4 330.4
BVy, + RV, 108.0 108.0 205.6 205.8 205.6
Vit Vg 414.9 538.6 304.4 4139 536.0
BV, 1826.1 1826.1 1923.7 1923.7 1923.7
NBV,™ 306.9 430.6 98.8 208.4 3304
%NBV,," 14.4 19.1 49 9.8 147

* for total crop consumptive use of 1,71 8,093 acre-fget (= V 4 - V,,.}, whare V., = effective rain = Ep + Tp:
®LR=LRyor LRy, the IID crop-weighted WATSUIT- and Traditionai- LR values, respectively;

© LRinty = [(1-F oFeand(1-F o JHLR); LRy = {(1-FrdF) (LR ); assuming Fe, = 1.19;

 RVioe = [(Var Vol (1-LRipll; RV, = [V er Vaud(1-LRus)IMAF )(1-Fi)]; © RV = HLR i (1-LRing )] (Vi)
"Vaw = Viy = Vat - Vi " BV = {[(LRV1-LRY(V o} - LR (1L R i) (Va0
¥ NBVgy = RV, - Vi - Vi - RV
"V = (Fu(RV,,), where F, is tha fraction of tailwater relative to applied irrigation water (RV ..);
' BV, = {[(LRI(1-LRIKV o} - {[(LR it (1-L R (V)
' NBVyy = Viy = BV4; * Vi, + Vi, = total volume of drainage water:
! BV = total volume of beneficial water = ¢crop ET plus raquired leaching = 1654.293 K acre-feet + RV 4, + BV,
'BV,, + RV,, = total beneficial leaching water; ’VM + V4 = total volume of drainage water;

" NBVyy = total volume of non-beneficial water = NBV , + NBVy,; " %NBV = 100 (NBV\ )RV,
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Figure 1b. WATSUIT Resuits (EC = 1.143 astm)
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Figure 1c, Watsuit Results (EC = 1.213 dS/m)
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Figure 1d, Watsuit Results (EC = 1.323 dSim)
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Table A3-1989. Salt-Tolerances, Volumes (in AF) of Consumptive Uss (CU), of Required Deep Percotation {RV 4,) and of Required

Infitration Water (RViy,) and Individual and {ID-wide Lea ching Requirements (LR .}, for CU of 1706 KAF & EC g Of 1.213 dS/m
crop EC,* | LR LRw’ | average CU| RV, RVauw® RV 1" RV ww”
alfalfa 24 0.138 0.079 906664 145205 77984 1051869 984648
sudan 2.8 0.085 0.037 172648 18004 65602 190740 179248
wheat 6.0 0.042 0.007 139349 6130 912 145479 140281
bermuda 6.9 0.036 0.005 91684 3457 438 95151 92120
sugar beels 7.0 0036 | 0.005 118128 4399 544 122527 118672 |
[ettuce-early 13 0.229 021 32545 T 9690 | 8708 42235 5 L% B
lefiuce-Tate 1.3 0229 0.1 18280 5443 4891 23723 23771
carrots 1.0 0.320 U383 [ 31660 L 48580 91352
cantalolipes-spiing 1.0 0.320 0.383 3OFTY 14189 18728 442G 45838
| cantaloupés-fall 10 0320 0.383 13987 5353 8365 19834 21866
alfalfaseed 0 U138 0.079 2200 352 1689 2552 238y
Cofton 7.7 0033 [1X1]07 3 38333 1289 T42 39622 38375 |
[~ horigydew LEY 0320 0383 6572 3097 4088 566y TOG60
[ watarmalon 1 0:320 0383 8825 4159 5489 12954 LT S
onions T2 U253 U253 28145 9552 U545 37697 37690
[ onlon sead T U320 (LX) o726 4583 | 648 14309 T5775
| Tys-pastire 76 0033 roo4 31843~ 1085 t21 32929 31968
oAtz & barley 8.0 0:031 0003 15108 488 51 155096 15159
[~ misT atd crops 4 0065 0016 2207 182 37 2389 2247
[ tomatoes 25 0107 0.048 31966 3849 1600 35815 33566
potatoes— (4 o188 o t1s #17 83 94 500 471
[ broedli——— 28— 085 0037 T2101 1268 163 13380 — 12564
cablyage— t-8 0-156 0101 1485 274 1686 1750 1651
-—caufiftower 28 0095 0.637 8588 1005 387 10593 — 9855
—CoTnFear— 1.7 G185 o115 365t 729 473 4380 #4124
-miscgardencrops t:8 0:156 016t 3485 643 380 4128 3875
[ asparagus 41 0.063 0045 25722 1726 404 274 26126
clros— 13 0:229— 1021 9248 2754 2474 12002 t1722
jojoba % 085 0016 85t8——588 142 H107 8661
—peachrtrees +7 0166 8115 2305 480 298 2765 2603
[pemanentpastare |- 5.6 0045 0:608 2536 120 1 2656 2555
totals: 1808529 266149 1759442 2074678 1987571

|1D-wide LRy = total RVy,y / total RVinn1 = (266149)/(2074678) = 0,128284

lID-wide LR w = total RV%T_I total RVinsw = {179442)/(1987971) = 0.090264

! obtained from Maas and Grattan {1999) in dS/m

b LRisw.r 8nd LRy w are the individual crop LRy, valuss for the Traditional {T) and WATSUIT (W) models, tespectively.

© RV g7 and RVaww are the required drainage volumas corresponding to LRint,r and LRy Values, respectively,

N RV 7 and RVinww are the required drainage volumes corrgsponding to Iﬁﬂm‘-r and LR iy, w values, raspectivaly
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Table A3-1990. Salt-Tolerances, Volumes {in AF) of Consumptive Use (CU), of Required Deep Percolation (RV o) and of Required
Infitration Water (RVM,) and Individual and |ID-wide Leaching Requirements {LR ;). for CU of 1706 KAF & EC;, of 1.213 dS/m

crop EC, ° LR;" LRy avarage CU| RVa1® RVaww" R\_/,_,,m RVt
alfalfa 2.0 0.138 0.079 979698 156902 84266 1136600 1063964
sudan 2.8 0.095 0.037 120507 13582 4956 143179 134553
wheat 6.0 0.042 0.007 87208 3836 571 91044 87779
bermuda 5 0.036 0.005 81591 ~ 3086 388 284877 81978
sugar beets 7.0 0.036 0.605 120547 4489 555 125038 121102
leftiice-early T.3 0.225 0217 19687 | 5565 5270 25562 24567 |
lettice-Tate 13 0.22% 0271 11744 3497 3142 15241 14886
carrofg 1.0 0,320 0.383 316892 14935 19712 46827 | 51304 |
cantaloupes-spring 10 0.320 0383 [ 49986 23556 31097 73542 31076
cantaloupes-fall 10 0.320 0383 10028 4725 56235 14751 16262
alfalfa seed 20 0138 0079 5826 B33 507 5759 6327
cofton 77 o33 V117 ) 30882 1368 151 2050 qus3s |
honeydew LR 0320 0363 B737 375 4180 ooz 10927
[~ watermelan 1 02320 0.383 B926 208 5552 13132 14478
Onions T.2 0253 0.253 29813 T8 T 39931 35924
—onion s8ad L EH 0320 03683 11352 5350 706 16702 18413 |
[~ Tye-pasture 7.6 0033 0.008 23601 605 o0 24406 23891
oty & bariey 80 [ERIK] 0.003 G614z 198 21 6330 G163
[ mie flaid crops— L 0065 0.016 4231 167 40 2590 2463
[ tonmatoes 25 0107 0048 37751 45461890 42297 39641
~~~—potatoes (N4 0166 LUK N E] 49¢ 99 64 305 560
[ ——brooolt— 28 095 037 84994 943 Mg 9937 8338
cabbage— 18 O-t568 0.t 370 2T 165 1741 1835
~——cadfiflower—- 28— 0.085 0.037 7867 824 301 889+ 8168
- comrEar 17 0m166— rt15 5825 ‘:1"3 7687 T108 8892
Fmiscgardencrops 1.8 o-t58 0,101 4223 778 473 5002 #8686
[——asparagus 41 0063 - ot5 25816 1733 405—— 27549 26221
citrus 1.3 .229 211 20 2656 2387 1576 +H307
jojoba % 6065 5016 8110 560 435 8670 B245—
[——peachrirees 17 &166 115 2002 —400—1——254 2402 2261
Fpemanent-pasture 5.6 0045 0.006— 25+1 1t 4 2636 2530
totals: 1771373 274905 191110 2046278 1962483

ID-wide LR,y = total RV, 1 /total RV, r = (274905)/(2046278) = 0.134344

IID-wide LRupwywy = total RV, 7 / total RViwww = (191110)/(1962483) = 0.097382

* obtained from Maas and Grattan (1999) In dS/m

b LRty @nd LRinpw are the individual crop LR, vatues for the Traditional (T) and WATSUIT {W) models, respectively .

RV,,,T and Rvmw are the required drainage volumes corresponding to LR  intwy @nd LR,,,,,,W values, respectively,

RV",,” and RVis.w are the required drainage volumes corresponding to LR, o7 AN LR v values, respectively




Table A3-199%. Salt-Tolerancas, Volumes (in AF) of Consumptive Uss (CU), of Required Deep Parcolation (RV o+ and of Required
Infitration Watar (RV it} @01 Individual and [ID-wide Leaching Requirements (LR i), for CU of 1708 KAF & EC e 0f 1.213 dS/m

crop EC,' . LRTb LRwh average Ccu RVM.TG vam'wu RV".M'TG RVIHM'WU
alfaifa 2.0 0.138 0.079 866138 138715 74458 1004853 940636
sudan 2.5 0.095 0.037 185424 19433 7090 204857 192514 |
wheat 6.0 0.042 0.007 BI170 2601 400 63867 61570
bermuda 6.9 0.036 0.005 76701 2901 365 79802 [ 77066 |
sugar beels 70 0.035 0.005 119792 4451 551 124253 120343
letitice-early 13 0.229 0271 243397 7247 6512 3588 | 30851
lettuce-lale 13 0.225 0.2%% 10045 2951 ~ 2588 13037 12734
camots 1.0 0.320 U383 25683 12103 15074 37786 47657
| cantaloupés-sprifig 10 0,320 0.383 35585 172347 22755 53876 54340
I ¢antaloupes-Tall 10 U320 0383 11997 5654 L7 T7651 Toa59 |
[~ alfaifa seed Z0 LRt U079 20435 3273 1758 23709 — 1 2793
cotion 7.7 U033 4087} 27813 935 103 B748 279715
nonEydew" T0 U320 U383 5431 2569 3385 2100 JU25
T watermalon T 0320 U383 5526 2604 37 B130 B -5 -
Gfiiong T2 0253 0.253 27832 L I 2 37278 72
Onion Seed LBY 0320 07383 8078 3807 5024 TT80%5 3102
[ rye-pastare 756 0033 1+ ma 20757 708 79 21465 20836
—uaty & bariay 80 FRICY | 0003 RTiiT 186 20 5950 5754
[ misT faid Trops 4 0065 0016 1881 130 31 2011 1912
~ tormEtoes 25 0107 0048 15431 1858~ 772 17289 16203
~ putatoes— 1.7 0166 ooHts 761 52 — 99— o133 N ;L —
- brocoitt 28 00985 0:037 8580889 326 ST — 18908
[ cabbaye T8 186 0-10 t420— 262 159 1682 1579
[~ cauliflower 28 —0085 037 4946518 189 S84 5135
COITear 7 0,166 0115 At 93— ——geeF ———at85—|
misc-garderrcrops| 1.8 0156 0104 IT0T 684 415 ~4391 4122
[ asparagus L 0.063 0015 24926 16873 — 38t — 26580 —— 25317 |
—citrus +3 0:229— 211 52 2725 2449 HB7F +160+
jojoba 4 {065 tenials 6553 452— 108 7005 666
peachtrees 1.7 0-166 115 1283 256 166 15 48—
[ permansnt-pasture- 56 6045 £-008 2245 107 17 2355 2265
totals: 1627659 248123 167604 1875782 1795263

IID-wide LR mtwr = total RV, v / total RV, 1 = (248123)/(1875782) = 0.132277

IID-wide LR y.w = total RV, / total RVinww = {167604)/(1795263) = 0.093359

* obtained from Maas and Grattan (1999) In dS/m

b LRt and LR,y v are the individual crop LR intw Values for the Traditional {T) and WATSUIT (W) madels, respectively .
° RVy,.7 and Rv!,,_,w are the required drainage volumes corresponding to LR .t and LRy, w values, respactively,

i RV 1 and RV, are the required drainage volumes corresponding to LR intw7 @Nd LR ;v values, respectively
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Table A3-1992, Salt-Tolerances, Volumes {in AF) of Consumptive Use (CU),

of Required Deap Percolation (RV #) @nd of Required

Infitration Water {RV ) and Individual and ID-wide Leaching Requirements (LR , for CU of 1706 KAF & EC ;, of 1.213 dS/m
crop EC, * LR, LRy’ {average CU[ RV, RV’ RV 1 RVt
alfalfa 2.0 0.138 0.079 782915 125388 67340 908301 850255
sudan 2.8 0.095 0.037 145786 15698 5728 165484 155514
wheat B0 0.042 0.007 93057 4133 615 98090 894572
bemuda 69 0.035 0.005 fo5288 3082 500 105280 105798
sugar beels 7.0 0.036 0.005 114420 4751 526 | 118887 [ 114545 |
letiuce-aarly 13 0.229 0211 18947 | 5641 5060 29588 24018
lettucefaie 13 0.228 0.21 4311 1284 1153 5505 o454
cairofs 1.0 0,320 03383 21070 9907 13068 SUSTT 34078
| Eantafoupas-spiing 1.0 0.320 383 15637 736G 9722 22997 25353
| cantaloupes-fall 1.0 0.320 0383 3600 697 2239 5297 55939
| aifada seed P 0138 U079 y0es 1455 Fid: ¥4 10543 211 VI
cotton 77 U033 A N4[17.3 12348 415 45 12763 T2354
lioneydew T 0.320 0383 410 663 877 2075 2287
wa elon 1 U320 0,383 228 T991 2627 6215 BO51
[ ORigns T2 U253 0.253 22299 7566 7561 —29860 29655
ONTGT seed 1O 0320 F383 7017 3307 136% 1034 11381
 (ye-pastire 76 0u33 0004 14557 496 1 T h5 15053 13613
| Cats & barey 50 0031 0003 2691 a7 o 2778 2700
[ Tisc sl crops 4 0065 1133 — 1873 Ti5 28 1788 1701
[ tomatoes — 25 oo 0048 7962 958 399 B0t 8361
— potatoes — IN§ 0166 o115 4871 6 62 T o543
[ brocofi——— 28— —0095— 0037 5839 612 223 8451 5062
[ tabbagey 18 0188 0101 ~818 151 —91— T — 907
[ camliflower— 28 0.085 0037 3518 389— 135 3887853 —
[ oM LI 0. 1688 5 7271 1452 941 §723 8212
miscgardencrops 18 {158 {101 3865 713 433 4578 4208 —
[ asparagus #-1 0:063 0015 282031883 443 30686 268646
citrus +3 0:229—1—0:21¢ 10667 6 2854 13843 — 13521
[—jojoba— 4 0:085 018 6533 451 08— 6884——— 6642 —
peachrtrees +F 8:156 O i ——262— 134 12144 1146
[Prermanantpasture 5.6 8045 0.008 2342 144 16 2453 2360
totals: 1463683 205630 128149 1669313 1591832

IID-wide LRinpy = total RVayr / total RV,'M = (205630)/(1669313) = 0,123182

ID-wide LRiyw = total RV 7 / total RViuw = (128149)/(1591832) = 0080504

" obtained from Maas and Grattan (1999} in dS/m

& LRyt 8nd LR, are the individual erop LR i Values for the Traditional (T} and WATSUIT (W) models, respectively .

® RV 4oy aNd RVaww are the required drainage volumes corresponding to LR 4,y and LR values, respectivaly.

¢ RVintwr @nd RVioswwy are the requirad drainage volumas corresponding t0 LR .t and LR ., values,

respectively




Table A3-1993, Salt-Tolerances, Volumes (in AF) of Consumptive Use {CU), of Required Deep Percolation (RV 4} and of Required
Infitration Water (RV m) and Individual and {ID-wide Leaching Requirements {LR o). for CU of 1706 KAF & EC,, of 1.213 dS/m

crop EC, " LR;® LR," average CU | RVy " RV " RVt RVitww”
alfalfa 2.0 0.138 0.079 778057 124768 67008 903825 846065
sudan 28 0.095 0.057 201999 21170 7724 223169 209723
wheat 6.0 0.042 0.007 88680 3901 580 52581 89260
bermuda 6.9 0.038 0.005 142300 5382 678 147682 142976
sugar baets 7.0 0.036 0.005 116254 4106 [T 80T | 14380 | To7eT
leftuce-early 13 0.229 021 14544 4435 | 3958 19393 18542 |
lettuce-Tate 13 0.225 0271 4051 1206 1084 5257 3135
carfrots T.0 0320 0.393 27647 13029 7156 40676 44843
"cﬁilﬁﬁ‘pes—spnng 1.0 0.320 0.383 21823 10284 13573 32107 35356
cantaloupes-Fall TO 0320 0383 506 pxliy 315 743 821
[ alfala seed 20 0.T38 0u7g 11252 TB0Z 568~ TIOE4 T2220
cotton 77 U033 IR 27310 oTe TOf 6228 27411
[ honeydew T0 30 0353 739 348 L) 087 1199
watermelon 1 0320 U.383 G200 2927 3856 U122 pLIH
ONIoNS T2 0253 0253 23473 306 G300 32779 32773
oniGH seed T 320 0.383 7523 3535 4679 TTOES T2202
[ Tye-pastiTe 76 0033 U0 12999 443 50 13432 13049
[ oats & barley 8.0 003t 003 1980 -2 7 2044 1987
[—misT st crops L) 0065 o016 4602 T 318 77 920 [ 467 |
[ tomatoes 25 o107 48— 958 | t134 — 1480 10735 10061
—— potatoes 17 U168 0TS 1883 376 244 2259 2127
[ brocotti— 28 0-:085 0037 4979 822 o0 5501 5169
cabbage 18 O-156 i 128 2081281338 284
cauliflower 28 0095 — 037 3321 —3M8— 127 3669 3448
[ com=ear 7 0168 o Tt5 8808 13801 895 8280 7804
miscgardencrops 8 056 0101 3588 664 402 4266 —3968
—asparagus 4.1 0,063 015 29867 — 11— 1891 466 31658 30433
citrus— 13 229 o241 13136 + 3515 17047 16651
—jojoba 4 0.065 0.016 7I7F—1—50¢9 123 7888 7502
[—peach-trees +7 6165 0115 7 101 17 1688 1024
re 5.6 6.045 &:008 2862 +40 23 3102 2
totals: 1573787 218584 137867 1792371 1711654

IID-wide LRy, = total RV, v / total RV, 1 = (218584)/(1 792371) = 0.121952
IID-wide LRy w = total RV, 1 / total RV, = {137867)/(1711654) = 0.080546

* obtaingd from Maas and Grattan (1999} in dS/m
b LRy 804 LRy are the individual crop LR , values for the Traditional {T} and WATSUIT (W) modals, respectively |,
RV“T and RV.,,,W are the required drainage volumes corresponding to LR iotw; ANd LR, valutes, respectively.
Rvm, and RV, are the required drainage velumes corresponding to LR atw.r AN LR 50,1 values, respectively
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Table A3-1994. Salt-Tolerances, Volumes (in AF) of Consumptive Use {CU}, of Required Deep Percolation (RV 4,) and of Required

Infitration Water (RV ...} and Individual and ID-wide Leaching Requirements (LR .}, for CU of 1706 KAF & EC,, of 1.213 dS/m
crop EC.. . LR‘rh Lwa average cuU R\,‘-‘ml'r¢= th,w.:‘p“le= RVinM’Td RV;,,M_W"
alfaifa 20 0.138 0.079 875215 140168 75279 1015363 950494
sudan 2.8 0.095 0.037 253682 26575 5697 260158 263279
wheat 6.0 0.042 0.007 112040 4529 733 116980 112773
bermuda 6.9 0.036 0.005 149418 5651 710 ~ 155069 150128
sugar beefs 7.0 0036 0.005 95070 | 3538 437 98548 G547
lettuca-early 13 0.2729 0.211 15104 4457 4041 19807 19145
leftuce-late 13 0229 0.211 S EC 2428 2783 10588 10342
carrols 10 0.320 0383 | 28871 14077 18579 43848 45450
cantaloupes-Spring 1.0 0.320 0.383 24262 11433 15091 356895 393I/F
cantalfoupes-Tall 1.0 0.320 0.383 20 439 57Z 1354 L5
alfaffa seed 20 0738 0.079 8573 T373 737 9945 9370
cotion 77 0033 0004 25845 869 j1a 1 2B1a [ ZBeaT |
[ liGneydew T0 0.320 0,383 772 835 T2 2607 2873
T watermeldi T 0320 0383 — 8532 4027 5307 12553 13839
Oniong T2 0.253 0253 29432 Ugag o9t —39321 39413
[ onisTT seed 10 0320 07383 5786 2727 3599 B513 9385
[ Tya-pastare 76 0033 0004 4576 | 497 55 15073 4632 |
T oats & barlay LAY 0031 0003 35654 TS 12 3679 3576
—misc field crops 4 0065 0016 1144 206 60 4430 4213
[ tomatoes 25 o107 0048 6434 775 322 7209 6756
[ potatoes .7 O 166 oS 2123 424 275 2547 2396
brocoiif 28 0095 0037 5528 726 265 7654 718y
vabbage— 8 01568 oot 1712 316 o2 202811904
[ cauliffower — [ 28— 0085 G037 3518 369 T35 3887 3653
[ Com-ear ¥ 0:186 O t15 10582 2113 1370 —12885 | tte52—
-miscgardencrops ] 156 0,101 3418 3t 383 4048 380
———asparagus 41 0:063 0.015 290411045~ 458 30993 29500—
citrus 13 ;228 211 72T 4385 3940 1ot12- 18667
Jojobra 4 .065 016 7063 -483 116 7486 7118
—peachrtress = 0166 0115 2 124 1 745 703
i e 5.6 0.045 0:008—— 3478 165 27 3643 3505
totals: 1756394 246904 155842 2002298 1911236

ND-wide LR g7 = total RV y, 1 / total RV, = (246004)/(2002298) = 0.123310

1ID-wide LRinw = total RVuaw,1 / total RVin,w = (165842)/(1911236) = 0.081540

* obtained from Maas and Grattan (1999) in dS/m

b LRiney and LRy, are the individual crop LR 4, values for the Traditional (T) and WATSUIT (W) models, respectively .

° RVgyy and RV, are the required dralnage volumes corresponding to LR 4y, 1 and LR, values, respectively.

9 RV 7 and RV are the required drainage volumes corresponding to LR intw7 80d LR 0, values, respactively




O

Table A3-1895. Salt-Tolerances, Volumes (in AF) of Consumptive Use (CLY,
Infitration Water {RV ) and Individual and ID-wide Leach

of Required Deep Parcolation (RV aw) and of Required
ing Requirements (LR ntsc): for CU of 1706 KAF & EC,, of 1.213 dS/m

crop EC.- a LRTh L wa average cu RVW‘T RV.,,,_W" RV;,,MG Rvimrwd
alfaifa 20 0.138 0.079 890829 142663 76622 1033498 957451
sudan 2.8 0.095 0.037 242652 25431 9279 268083 251931
wheat 6.0 0.042 0.067 126668 5572 829 132240 127497
hermuda 6.9 0.056 0.005 175008 [ 6653 835 182555 11874 |
stigar beefs 70 0.036 0.005 195931 4317 533 120248 116464
Iaftuce-aarly 13 0.225 0.271 T 16255 [T 484D 4349 21085 1 "ZoB04 |
leftuce-Tata 13 0.229 0211 8335 2483 2231 10827 TUL70
carfols 1.0 0.320 0.38% | 25878 | 12194 | 16094 38070 41570
cantalelipes-spring 10 0320 0.383 25678 T2073 T5934 37697 41552
canfaloupes-fz 1.0 U320 0383 ) 7 2] 27 23
T alfalfa seed .U 0.738 uo7g 17437 279% 1499 — 20223 T8930
cotton 7.7 o033 LKL E 25086 T B g3 25930 25179
[ Roneydew 10 0320 07353 2474 TT66 T53Y 3640 L1 < T
Watermaion T o320 0.383 6a6Y 30a5 47y 9506 T80
IIG]E] T2 0253 U253 32064 10882 10874 42945 42938
[ onion Saed TO 0-320 0.383 5913 1 2787 3678 8700 9597
Tye-pasture— ] 0033 00— 10229 — Y 39 U578 10268
[ oalg&baray [ 80 0031 0003 2670 86 g 2756 2679
[ ThitsT Tl crops — 4 0065 [OR1: 6793 469 ™3 7262 6906
[ tomatoes %7 0107 0048 5696 G5 285 6382 5981
— potatoes — 1.7 0166 o115 3007 601 —389 3608 [ 3306
—boooitt——— 28— 10088 0.037 — 5080 628 22— 65388 — 8188
[ Tabbage T8 0156 0-tot 84— 182 10 188 LM a—
- cauliftower— 28 0085 0037 2857 268698 2825 2855
[———com-ear T 0-168 115 2188 2430 +576 T4588— 13744
miscgardencrops- 18 0-156 0101 5t21 — 845 573 6086 5604
[ asparagus 41 0063 0015 26475 1777 %418 28262 28891t
citrus— +3 0228 211 1592t — 40— |~—d2680 206614 2018+
jojoba 4 0.065 4016 7164 —484 119 7658 —— 72853
[——peach-trees— 7 G166 O-t15 AF § & 56 53
rer 5.6 3,045 0:008 3242 154 25 3 3267
totals: 1825551 251566 156663 2077117 1982214

IID-wide LRy, = total RVyy1 / total RV, 1 = (251566)/(20771 17)=0.121113

ND-wide LRy, w = total RV,,, + / total RV,ew = (1 56663)/(1982214) = 0,079034

* obtained from Maas and Grattan {1899 in dS/m

b LRister 2nd LRy, are the individual crop LR mtw Values for the Traditional (T) and WATSUIT (W) modsls, respectively .

° RV% 7 8nd RV, are the required drainage volumes corresponding to LR 1 and LRy values, respactivaly,

d R\.r,l,_,\ﬂfJ 1 and RV, are the required drainage volumes corresponding to LR 4,y and LR intueyy VaIU

es, respectivaly
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Table A3-1996. Salt-Tolerances, Volumes (in AF) of Consumptive Use {CU), of Required Deep Percolation (RV ,,) and of Required

Infitration Water (RV .} and Individual and lID-wide Leaching Requirements (LR .). for CU of 1706 KAF & EC w07 1.213 dS/m

crop EC, ° LR;" LRy |average CU| RV, RV g’ RVjppr? RVintew"
alfalfa 20 0.138 0.079 793306 127050 68234 920356 861540
sudan 238 0.065" 0.037 227213 23813 8688 251026 pRLTIH
wheat 6.0 0.042 0.007 206057 8065 1348 215122 207405
bermuda 65 [ 0.036 0.005 183034 6522 a70 1859558 183504
sugar beefs 70 0.036 0.005 135040 5029 621 140069 135661
lettuce-aarly 13 0.225 0.27% 20005 5056 5352 25967 25357
lettuce-late 13 0.229 0211 11107 3307 2972 14414 14079
carrols 1.0 0.320 0.383 ST7Y% 14983 19776 46778 51571
cantaloupes-spring 10 0.320 0.383 26244 12358 16323 JBE12 42567
[ tantaloupes-Tall 10 0320 0.383 1586 545 719 17071 1875
alfalfa seed 20 0138 0079 17821 2854 1533 20575 19354
[ coffon 7.7 0033 g0 | 19388 652 7 20030 1860 |
Raneydew T.0 U320 0.383 Z200 037 1368 3237 1568
T watenmelon 1 0°320 0393 B71T3 3168 aN175 uBTr TUS8Y
Onions 1.2 0253 253 3206 TT609 TTEUHY 45815 45806 |
onlon sead ERY 0320 383 8425 3970 5240 T2395 13665
[ rye-pasture 76 0033 00 TO070 A3 a8 o413 o8
[ ocals & barlay 80 003t 0003 ™42 &0 5 592 547
[ isT fieid orops 4 0065 0016 11829 516 197 12645 12026
[ tomaoas 2.5 0107 0.048 5735 651 297 6426 8022
I potatoes 17 0166 115 4348 868 363 5216 L3 ) b B
 hooolli— 28 1T 00es 0:037 8280 | 68y 241 6549 LR}
cabbage 18 156 0101 70 218 T3t 1386 1301
—catifiower 2.8 0085 0037 2814— 295 108 3109 2922
——COmFear .7 0186 0115 14483 2888 1873 17351 18336
iscgardencrops +8 0158 1ot HE8— 11009 812 8477 6080
I asparagus 41 0083 .05 25515 1712 41 27227 25916
citrus +3 0229 211 18712 5574 5007 24263 23719
—jojoba % 0065 o016 7104 496~ +18 7594 7222
—peachtrees +7 G166 oS +H 2 4 13 12
Fpermanent pasture 5.6 0,045 5:008 21 153 25 3374 3246
totals: 1842002 248088 158499 2090090 2000501

HD-wide LRnw 1 = total RV .y / total RV, 7 = (248088)/(2080090) = 0,118697

HID-wide LRy w = total RV y / total RV, w = (158498)/(2000501) = 0.079230

" obtained from Maas and Grattan (1999) in dS/m

¥ LR,y and LRy, 8re the individual crop LR i, values for the Traditional (T) and WATSUIT (W) models, respectively .

M RVg,_J + angd RV, are the required drainage volumes corresponding to LR intw7 and LR, w values, respactively.

i RVintr 8nd RV, are the requlred drainage volumes corresponding to LR y,.1 and LR wtww VElues, respectively
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Table A3-2000. Salt-Tolerancas, Volumes (in AF} of Crop ET, of Required Desp Percolation (RV o) and of Required Infiltration
Water (RV,,,) and Individual and HD-wide Leaching Requiraments (LR i), for Year 2000; EC,, of 1.059 dSim

crop EC, ° LR, LRw” |average CU| RV, RVguw' RVinwr" RVine”
alfalfa 20 0.118 0.059 810530 108800 50408 919430 860938
sudan 28 0.082 0.027 159071 14177 4363 173248 163434
wheat 6.0 0.037 0.005 83307 3164 377 86471 83684
bermuda 6.9 0.032 0.003 231510 7571 755 239081 232265
sugar baefs 7.0 0.03 0.003 101656 3214 321 104930 877
lettuce-edrly 13 0795 0.760 14147 1T 289 | 17558 16835
lettuce-late 13 0195 0.760 6645 1608 1266 8251 7911
carrots 10 0.269 0.295 32896 12014 13698 44710 48394
camMaloupes-spring 1.0 0.269 0.285 15663 >75h <1254 21418 L2222
| cantaloupas-fall 1.0 0.268 0.295 838 JO8 357 1148 1189
alfalia seed 20 0118 0,059 22706 3051 1472 25757 24718
coffon 7.7 0028 OoU3 19282 5671 L1 TO833 19331
honeydew TO 0.269 0295 2666 980 117 J646G 3783
walemelon 1.0 0.26% 0295 3652 T3z 1530 495 5182
ONIvAS 1.2 X214 U193 32517 8871 7773 4T388 L1174 —
[~ onion Seed TO 0Z6y 0.295 T2998 4776 5495 17774 18444
[~ Tye-pastune 76 0029 0003 24— 18& 15 6425 6257
—oats & tartey 0 0.027 0.002 1277 36 3 313 T280
[ THEC fisidTrops 40 0056 0012 17913 1081 210 18974 18123
[ tomatues 25 0093 0035 2102 214 76 2316 2178
[ potaEtory 17 ota2 0086 3120 68— 386 4804~ 4506
brocoltt— 28 0082 0027 8%t | Te— 2486 —|——8760— 9207
cabbage 18 0133 0075 1063 104 85 1227 1149
[ cautiffower 2.8 0.082 0027 3358 299 g2 3857 50—
[ com-ear 7 142 {088 14862 2438 1375 17430 18067
miscgardencrops 8 0133 0075 2634 405 213 3036 2847
——Asparagus 4t 0-054 0011 23257 1340 258 24597 23515
—citrug +3 {:185 0-160 27302 6598 5202 33860 32504
jojoba— 4.0 :056 0:012 7 & & 7 7
peachtrees 7 142 {-086 32 & 3 37 35
permanent pasture 5.6 00 0005 2434 106 13 2534 2447
totals: 1665271 194095 10631 1859366 1771572

ND-wide LRy = total RV 4, 1 / total RVinmwy = (194095)/(1859366) = 0.104368

ND-wide LR ypyuy = 10ta] RV 4.1/ total RVionw-= (106301)/(1771572) = 0.060004

* obtained from Maas and Grattan {1999) in dS/im

b LRt @nd LRy are the individual crop LR o, values for the Traditional (T) and WATSUIT (W) models, respectively .

° RV, and RVM are the required drainage volumes corresponding 1o LR .1 80d LR w values, respactively.

B RV ewr and R\lm w are the requirad drainage volumes corresponding to LR it 7 ANd LR o, values, respectively




Table A3-2001. Salt-Tolerances, Volumes {in AF) of Crop ET, of Required Deep Percolation (RV 4,) and of Required Infiltration
Water (RV.) and Individual and 1|D-wide Leaching Requirements (LR , for Year 2001; EC,, of 1.102 dS/m

crop EC, * LR;" LRy’ |averageCU| RV, RVawn® RViopurr" RV’
alfaifa 20 0.124 0.064 8232094 116376 56497 939670 879791
sudan 28 0.085 0.030 148877 14002 4578 163879 154453
wheat 6.0 0.038 0.005 696526 2760 360 72386 69986 |
bermuda 6.9 0.033 0.004 287803 8967 583 2ZH770 263786
sugar beefs 7.0 0.033 0.004 | 84407 | 7836 305 87237 “BATOET ]
leftuce-early 13 0.204 0.173 13995~ | 3550 2025 17365 ~ 1 16020 |
lettuca-late 13 0,204 0.173 6h77 1687 1375 8264 7952
carrols 1.0 “0.25% u.31G 29457 11610 13607 41067 43064
cantaloupes-spring 10 [ 0316 13392 5278 6186 T8670 19578
| cantaloupes-fall 1.0 0283 0378 1032 07 977 1439 1509
alfalfa seed 20 orza Uo6% TOaS 12320 (1242 114863 10732
cofton 7T 0oy 0.003 44560 T353 129 45973 CE 1Y —
honeydew ™ T0 0.283 U318 3287 1293 1516 4573 4797
[ watermslon™ T.O 07283 03165 1535 605 709 20— 22453
— oniong 1.2 0225 0208 23488 68Ty B16% 30307 29649
— onion sged T 0:283 U316 6648 2620 3071 9268 971y
[ (ye-pasturg 756 0030 0003 5008 154 15 5162 5023
| oatls & bariesy 80 0028 0003 3898 114 1Y) 4012 3908
st fieid crops 4.0 0058 0131 24445 1517 3669 25959 28114
[ tomutoss 25 0087 0038 2009 225 &4 2324 2183
[T potatees [t 70148 0093 3830 618 363 4148 —3893
— biocolli—— 28 0085 0:030 6721 5828 2095 THG 6926 —
[ cabbage — 18 Ort40 0:082 — 980 154 85 o4 1035
[ canliflower— 28 0.085 0030 3041 284 93 3325 3134
[ comeear 7 0149 00839515 1665 979 11180 104941
[Tniscgardencrops 18 0146 082 2745 #45 245 3190 [ 2880
—asparagus %1 0057 0012 17273 — 40 246 18313 17489
citrus— 13 0204 6173 27161 6967 567 34128 326838
jojobra— 4.0 6058 0131 7 £ 1 Li 8
F——peachtrees— +7 G149 0693 33 & 3 39 - 36
permanentpasture 56 6641 8:005 2633 —— 142 16 2745 2648 ——
totals: 1653068 185550 111226 1848618 1764294

lID-wide LR g,y = total RV 4,7 / total RVine1 = (195550)/(1848619) = 0105782

IID-wide LR;MW = total RV, / tolal RViaww = (111226)/(1764294) = 0.063043

" obtained from Maas and Graltan (1999) in dS/m

b LRintw,7 @Nd LR sy are the individual crop LR, values for the Traditional {T) and WATSUIT (W) models, respectively |,
i RV%T and RVQ_.,LW are the raquired drainage volumes corresponding o LR 4,7 and LE__m.w valuas, respactively.

d RVEM_T and RV, w are the required drainage volumes corresponding to LR o, 7 and LR intww Values, respectively
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Table A3-2002. Salt-Tolarances, Volumes (in AF) of Crop ET, of Required Deap Percolation (RV ,} and of Required Infiltration

Water {(RVi,) and Individual and lID-wide Leaching Requirements (LR ond, for Year 2002; EC ;. of 1.110 dSim
crop LR, LRy’ average CU | RV,,,° RVaww' RVInI'w'Td RVt
alfalfa 0.125 0.080 843827 120392 54290 964219 898117
sudan 0.088 0.028 141792 13361 4062 155153 145854
wheat 0.038 0.005 78146 3122 378 81266~ 76524
bermudd 0.033 0.003 280736 | 9654 983 290390 281719
sugar beels 0.033 0.003 B0S52 2741 274 83683 | 81226 |
leftuce-early U.206 0.163 15203 I/ W/ETT | 19148 18164
lettucefale 0.206 0163 7144 1853 [ 13 | 8997 | 853 |
carrofg 0285 |T02E8 31051 12398 13203 43449 44254
| cantaloupes-sp nng 0.285 0.298 13083 5229 bob3 18307 18646
| cantaloupes-fal 0.285 0.458 1762 704 749 2456 2517
| aifalfa ségd U125 U061 1051 1577 711 12678 762
cofton [ER0X14] U003 30515 93 a3 31449 30558
[ Foneydew U285 U298 2300 o8 978 3218 3278
watarmelon 285 0.298 2087 833 — B87 292(F 2974
ORions 227 096 21607 6345 5269 27952 26876
onian seed 0:285 0298 6253 2397 2659 8750 BoT2
[ Tyg-paswre ; 0030 o003 2009 62 (5] 2071 2015
[ oats & barley 80 0029 0002 9063 293 25 10256 9988
[~ mistfletdTrops 4.0 07059 U122 24568~ T53% 3429 26102 27997
[ tomatoes 25— 0087 0036 1731 187 G5 A0 T I 4 E—
potatoes .7 0150 0088 2133 arr 206 2510 2339
[ hrocoti 28 07086 0028 5676 563 17 BE3Y 6147
[ cabbage 18 0-t41 0677 868 42 72 o0 940
[ cautiffower— 28 0:086 0028 2875 252 77 2927 2752
[~ corn=ear— 1.7 0150 0:088 12370 2186 1182 14558 13562
[SCyATHEN Crops & Ottt 0.077 2357 356 197 2743 2554
[ asparagus 41 0.057 012 14485 878 168 15343 14634 —
[-—citrus 3 G206 0183 27671 7176 5380 4847 33061
jojoba %0 0.059 122 0 0 0 0 5
—peatirtrees +7 0:150 0086 33 & 3 38 36
permanent-pasture{—5.6 0:041 0.006 2764 126 16 2 S —
totals: 1677108 200657 105460 1877768 1782569

lID-wide LR,y = total RV 4, / total RV, = (200857)/(1877766) = 0106859

HD-wide LRntu = t0tal RV / total RV = (105460)/(1782569) = 0.059162

" obtained from Maas and Grattan (1999) in dS/m

b LRjotw.r and LRy, @re the individual crop LR i, values for the Traditional (T) and WATSUIT (W) models, respectively .

¢ RV, 7 and Rvﬂ‘w are the required drainage volumes corresponding to LR iowy and LR,,_,_M_w values, respectively.

¢ RVian. 1 and RVinpw are the required drainage volumes corresponding to LR intw, 8NA LR o, v values, respactively




Table A3-2000-2002. Salt-Tolerances, Volumes

{in AF) of Crop ET, of Required Deep Percolation (RV

aw) and of Required

Infiltration Water (RV i) and Individual and ItD-wide Leaching Requirsments (LR intwh fOr Yaar 2000-2002; EC ., of 1.0909 dS/im
crop EC, ° LR, LR’ [ average CU RV’ RVt 1 RV
alfalfa 2.0 0.122 0.060 825884 53025 941122 878909
sudan 2.8 0.085 0.028 150247 ~ | 13860 4348 164116 154505
wheat 6.0 0.038 0.005 77026 386 “B0047 77412
bermuda 6.9 0.033 0.004 258350 943 67071 259703
sugar beets 7.0 0.032 0004 | BOD0F | 2950 L3F) o196z 8317 |
leftuce-darly T3 0.202 0,160 14446 [ 2758 18005 17204
leftuce-late 1.3 0.202 U180 6789 1298 8504 ~B0BE
carrols 1.0 0.279 0.287 3TOBE | 12026~ 12732 43094 TR0
cantaloupes-spring 1.0 0279 0.2o 14045 5758 19483 19802
cantaloupeg-fall 1.0 0279 0291 1211 496 To80 kK14
aNfalfa séed 20 U2z U.060 14500 837 18637 15537
cotton 7.7 0029 o3 345 T 935 B9 32397 KELT 4|
hohaydew " 1.0 0279 0z 2749 27 3813 3876
| watetmelon T.O 0279 2or 2425 L2)zr 3368 319
ofiténs 12 0222 0192 25871 G156 33263 32027
[ onion seed T.0 0279 0291 8633 3538 1975 12171
| Tye-pasture — 78 0030 0003 441y T3 4554 4432
— oats & irariay 30 0028 07003 5046 146 13 5192 5059
[ miscfetdcrops— 40 0058 0013 22309 ( 283 23673 22592
[ tomatoss 25 0096 0:036 1977 75 2186 2052
[ potatoes— 7 oy 0.087 3261 32 3824 as7s
brocolfi 8 0085 — 0028 7219 —208 ] 7885 7428
[ cabbage T8 0138 0.077 980 154 80 T 1640
[ Camliflower— 28 0085 0.028 3025 279 88 3304 IS
— COmFEar +7 0147 0087 ——t2182 2105 85 14257 13357
-miscgardenrcrops +8 0-136 0.077 2579 413 214 2992 2795
- asparagus 41 056 012 18332 52 220 19424 18552
citrtg—— +3 202 0160 27378 68916 5227 3428432605
jojoba 4G 0.058 8013 5 & 0 5 5
“‘_peaﬁh trees 17 0147 £0.087 33 6 3 —38 36
permanent pasture 5.6 0041 0006 2616 44 15 2727 —26H
totals: 1665151 102812 1862132 1767663

!ID-wide LRimr = total RV r / total RV, r = (196981)/(1862132) = 0.106783

HD-wide LRy = t0tal RV 7 / total RV = (102812)/(1767963) = 0,058153

* obtained from Maas and Grattan (1999) in dSim

b LRy 7 and LR yw,w are the individual crap LR oy, values for the Traditional {T) and WATSUIT (W} models, respectively .

° RV 4,7 and RV_.,_,,FW are the required drainage volumes corresponding to LR s,y and LR, values,

respactively,

¢ RVinne.1 and RV, are the required drainage volumes corresponding to LR inhe.7 @0d LR satw VaIU

65, respactivaly




SLELRL - ; ¥ n L A T
N . B - N - N o -
£2i0'71 Y : " I X ' 100, L 171} X
Zelee el o ¥ LR/ Z - 00 "1 Eari] K
rIe ¥ : . " Y D dl ozo ;
14907 y " - 3 X ¥ MO aLy oz :
o : . N . N " e y
L7 24l : ’ - ! : X SLIOD oL S1'0 Y
N ; ; ar7an : - - - N c10 N
yeezn ; " - - n N " " - - o1 -
Z80a R - ¥ X ¥ - - e Y Y L0 X
L1958 EEEEEE | OSRY 7L | LEafon] SN ZiNyn [od ¥ 510 oG
1 AZCR'L ) omogpl | oseosel | J6EDRAL | . ZZGLEL LEZS'S | CLRGJZL | LAZS'GN| | S900'0 | sgson oLl S [ON
DODOT} g.FEElEFEFIEﬁ SLIRLEL LSES'ROL | (OROO'D | OGRO'G DL 510 B0
|- obals EgMrE ZIRE'1E | JSomRaent L9750 LIOZL Zea's | 89/0'07L | ZamoaoL | Zieomn Mg 1,7} [+] 1] 200 |
| _AFRE'D £595°8 L9BF'LE | JSROROL 92780 | PRMOTL LE71g EZELOZL O LE/L'O0L [ 02900 | eesrn | o4tk oLa 200 |
9560 | IPZGOFK | BZLY'Ll L JORO'SIH | cealbD | eornZl | Zs7 il | ZIr7e0) REON'D b2 1A I 1 ] 8 1] 'OG _ |
PPPPP RRZE | FRZIN | resegol L¥LE'D ¥ | SIEE'R | BEZPOZE | SIRFRO) 9E900 £LHD Oel ni'p 20°0
B .1 V. FA A 1 PIPRCAE | JGRO'ROL © SEOZ'0 | oveNZi ! oogve | oovgor | geebeor | boson ZR/00 pZ'y oLG BN |
E L DELAA [ JOSE'LL | /GRO'QAL | &AL | ogonZL | Joseg | L +9S9'NZ1 | JDSSBOL ZEIO'D 1800 [¢]3d ] oL 800
0000 O000'0L EX0Z) | joey | 00000 SLZL JSEO0'R | BZLSOZE | JS69'RO OZI00 DOROD 00°L [+1N1] £0'0
PHSE BELY | sjovs | sepoeol | seza ! zsars | omeee | Leovwir | _(meEROE | ofion SHDD 09y son SO0
| JIPE'TZ :74- 740 4 oeeb'S | Joe9ROl ¢ ZebZ0 | 9/00% | shbe SSSLPLL L S/PPR0L | oblo0. | G200 | per | soe | gon |
SIEZ (124" 2 LI5S JSE9'80L 9REL YOLLG 0/6V8 | v/0FIL | OJEFE0L P00 £RIG°0 aot'L 500 200
SN -+ 7 S W & Ly LSO0°RO) | D6VED | OElrs | sovt'R | oRSZ'HLL | eove'pg) | ' 100 [¢; 2 SO0 20'0_ |
. £o51) LELE'Y Zo19's | /659'90L PEaT 98106 | fogs'p | @iievil | feseanr 28400 26/0'0 0zl sa0 | gop |
ES 250 SOS6Y. | SRoo's | JSROROL | fEbO0 | ZRISG | gepap — LPOEPLl | gebagol | og/000 | 8600 pi‘g S0 1 e00
0000°0 0000'S g0eLe | Jsewgol 00000 SOZLS | Jobog | seLppLL | JS69°80) | 00200 | 0o0%00 oL 50'0 200
0ooo'D 20000 00000 2569801 00000 00000 1568'8 L&569'801 LS69°80} 0080’0 00et'0 o0l 00 800
£5./6'¢l _BO606) | L19ESZ7 | GO2S/0L | Sooz) | eigoog —F3ES | 0B062Cl | pOZEOOr | o700 | GESOD | ool 02’0 00
0loE'sl | ENPFSL | 6829s | esggtol Z200'L SLEOOZ | obZe'd ! GESIPRL | OPZC'O0L | O6WOD | A00'0 og's 0z'Q 00
VIFELL 26861 917952 y |__EE0E0 508992 9E2L9 | SPOP'EE) | OEZSOO0L | $0S00 1| 0PE00 or'h [1743) L0
¥RLLS RPeEl | ZJZLOZ | GU2CUOL | GE0o0 1 gnesoz £E2Z6S LpeoEel | exZe0) | migoo | spaoo | o) 0z'g 00
€G50S | GRGO'GE | /80T | 6STSA0L [ ZEObD . Fird Wi AOGEEL | JEZIJOL | ZES00 | $8900 (148 3 LA 200
¥ 1T SOPgEE | £62997 | 6925 /0L 0Z0Z CEER'GC | obess | TOSIPEL | GREEL0L | S¥S0D 2890°0 o a0 Fie)s)
Q000G QQOQ'02 ASEHT | 6928 )01 DOGO'D LI8e8e 8925'. | oUOP'VE) | 89257701 | (0950°0 00400 DO QZQ 00
22 A ) gczert | istel) | 692501 | zogeo £529°0) 19199 020SSZE | J9ogo0l | ZEs00 9290°0 05) 510 00
_ BR0POF ] sGebblL | Joblel | 682601 | 020 | Lose'ol Si99 9l99'eC) | S009'901 | £150°0 9£90°0 05} SE'O 00
| 8991¢ rersyl 890601 | €9z JOL | £895°0 | og/@9l | 9psew | orpgszl | opseen) | cosgn 15900 | _Ob1 S0 00
 SO0l0'9 i £109F ZELPBE i | G9ZPQ 00062l OO} 4 8,0/ H:T4 FOQOL 0L FOS00 | £000°0 DE'L S0 Fir)s]
BEERE crilvl i | 60Z5°J0L | 6¥8Z0 1526°8) 174544 0291921 022 LOb PLEOQ | 519070 oT'E 10 Fie}]
SILe6l Lisgy) 820881 | 69257701 92¢L0 05671 4 4190 Freeael ebgE 201 SRS00 89900 L'l SL'o 00
00G00 00001 €5J6°9L | 6925401 | 00000 €568l | 69257 | 2205921 | 8925°70) S850°0 00200 ool SLg 00
cosg} pepe's G0SELL | 928201 |  e98SD 828811 005G | 8//¢'QLL | 0065’00l | 88500 | ECog0 092 al'o 200
| Ford ] 9529’6 S65¥FLL_| 6925201 20 LI68° )} [5-Fi s J6'BLL LEH JOE SBE00 1580°0 05t Qlo 200
EL00'S E969°6 LEPS LI 8525° 201 £RSE'0 920611 Pegl s 0920611 PRO1'20) 0800 6990'0 o'l 010 20°G
SI0LE F4 7 74] Fero'lbl | S92 MOl | 18820 Sil&bE 8l5C°) | €S5LL6LE 85T 1) 50900 L1900 [+ 1] B¢] Fiyi]
gEPFT rebE'S 6P LL 6925201 | o810 GigE' L) e 2PIZEL) | EFEIO0L SIS00 | #ROD'D 0y [+] N1 PdiNi]
0T} ZE'E 8Ia)) 6525 101 56800 vIEETLL QIER L SriC 6Ll QLEP 0L £290°0 69070 017} oL'0 00
00oa 0 QO00"04 YIPE'LL | 69257 /01 0000’0 Y6 L)L 69257 EFITEL 6925201 0£80°Q 001070 0oL oo 00
€908 il B06E'S §925° 201 05520 B5y9'Y -1 ¥4} BLLET) -1 ¥rgfii]} o0 B/900 o5l 500 06
1906°C GLIEY BEEYS 635 201 o Yl v LePo's EPLE S vZO6Z1 E¥LE J0) Pay, 1\ 8800 05"l 500 200
YZIEZ a1zl d Zo8r's 68Z5° 101 I AN FO59°5 BO6L°L LL00°E) g9ce' 101 158070 Seah'0 oL 5070 200
o52r) LIgg¥ 0528'S 892" 201 9.2L'0 5Z59°'S 266884 BISOEL ZEGE LOL S290°0 £890°0 iy SO0 00
BEPLL Pau4:04 ZE95'S §925° 201 1580°0 BHS's 8l i BOE0EL By 0L g590'0 26300 o't s0'n 200
68950 Y6 ¥ srlas B89¢5 20 24 40 i) LISS'S Eby'L PLFLEL E18F 101 L9950 9690'0 ] 500 200
00000 0000's £659'S BOZS J0) 00000 E659°S 65252 Z98L'EL 8928401 595900 0020'0 ol 50D 200
00000 00000 00000 SIS 101 00000 00000 68242 6925 10 G825 101 00400 00200 00l o0 200
™ auragioor | "aan % | “AgN T *PAM AN SR _ Ll T 24 = o1
SUOWPUOD WGRUN 13pUf SOgRY PUS SSLUNIOA 518 UG BURSwe HUHIGZH0H pue Uogow] JajBme.L UeaInbey BUNGDST Ui UORELEA 36 556 g
O @,




L QOSL Fi:ocic-Th £O0SCZ | LALLLLL SLZe pree s | onpre. | oZiaerl | oserent | 09000 | OS@0N 0a'L 0z 04D
088G | _ganeal 267867 LELLILLE LZZs ] SIEE T neecE | roneror) | OROGROL o000 2800 o730 N oz T
2GHET | LLLL'RL AL LLLLEL DLZZL SZSZ | LORRE b oror el | LARE'RDL | O0ZMrG D000 o' oarg, NI ¢}
DEMIE |__FreTRlL | BEFSAT LLLLELL SOLED = W F A [TELOL OLEL L : | __abain | . sZa0n oEL orn ntn
oekss 1111 ) £OLY IZ LLLEEL | mepan chzaiz | zpab'od | oeizigel | zaaenuy | pagon 05500 firad ozn oL

| ORpRT 1 JNPIRL DERE LT INANAIRNY BT} 200,47 | cedgal | Fensgel | seneni) | oopon | 826000 Lu| A [yvali] oL
ooon o o000 07, gl RLEL'LLE Q000N QILLIT IREN N} : 1LLLLLL osan a0nLn o'l 0zn Lo
G/S) Bl ot ¢4 ] 0 BIR0'RL LLLL'LLE P62 . gEE6L | LGLgE | ORGLAZE | O LeLeeDl | oasra | RS0 oa°] L1 aln
zern _9o01$l | JScERL LLLL BEL 100, S/L¥FRL YZEDOL | $SPPEZL | bZEOOLL S0 ZIgon | _pel -TH1] oo
2eck'e PEEEPL | S0R581 I1LLLLL 2¥a'n ECSP AL ForeoL LOLBZL | tOPTOLL | ORJOD | SZe0n § mby £1°0 ni'n
ZLLZS QOIS . FEraal LebEELL PRPO'0 | ZPEAL | FLOPOL | SPGEEZL | elopOll | spond | | JbEnd | 0L L0 110

| D590t 0 | /o0o°pl | X LLEL' LR Oteyn | SLESAL LAtam cenzoel | Lrseall DZRAN0 SAEN'0 fvrad | TN ] neg |

. 0oGR'L | FOPR'PL ! OZSE'AL EEELLEL PLLZ0 | GROCAE ; JERRTOL | 1eObORL | seeeOnt | ceepn | ZomoD [v] M4 =] 4] oo
DONN'D OO0'SL | RANGEL LLLLLEL 000D RIGEL | LILLLE ) ORLYOEL [ BELLELL ¥ LD oL SLD oLn
[ x 0 ool ] EiEFLL BLLLELL 08N | &taZZ)l | O IPEZOL | OBPSZY | LPEFOL] obend | eeatn | 09Tl aLn [+1h1]
S5£5°9 ctbbs | fREcTil LLEE'LYL R0 GROZ 2L | PE2POL | PREGPEL | EZb'OLL | DSAn'D PG00 nel kN al'g

| ogoyve | <ooeR | ORESLL BELLRLL foten OSRZZL | LGOS0 | LnoREZL | 1eeehlL | 0od00 | GSR0G | ob org n1'o
PLERE J90'E LDG'LL LLLLREL | OOLPD | 10082E LosoL | ZIONEZL | ool Q000 | oAb oet arn oL'o
£S78T RHFE LT3, 104 LiibbEL Fidrdl bt R | FICROE JZSEEEL | drESOLL aestt | RIG00 [ard 8 [+]M1] [+] 8]

B 1Al _DBE8E | SERLZ) BREEELL D/EED | SOREZL i ipJEOL | SPOSTERL | LvSEDLL 0E80D | SRE00 ol ala _ol'g
000D [e.r.c0d01 ISPEZL BELL YL 0pOg0 18PEZL BELLLL | RO EZE | L1111 DOB0D 000L 0 ool /K] aLn

___ ZEZOE 1999 OBEY'E LLLLRLL SRR D UFrats] 2l | jossatl | orZs oMt 02600 29800 v N 00 01D
QEO0E £Z20 Y D08 LLLREL BEZED | gorae | ZsR10L IRLSSLL | ZsaroLl SIEOD | IGO0 {1, } 50'0 oo
CRRET RILLY [+, L) LELE'LLY EEEZ0 SPERS 21SEOL | toso'oLl | glse0L) OERO'D 52800 {1, .2 SO0 [+]31]
SERLL 2354 2 ety BREL'BEE ’ LIgR'S SOLEOL | ZPS)OlL | cOlFOME | SEGONO | PREOD | OE) | sOD QLo
ozaLL 6988t 2LLre LLLL LML SEZLD LIFE'S SIRE0L | PrZastl | crasoil | oveoD 68600 17l ! $0'D olLn
RIRS0 et SELLS FEiL'EE) £o00 Sirge SOFLYE | JoeRrall | ZopOLEl SFe00 SEE00 [+] S00 019
00000 ON0s [ Ofbe'y BERELLL 00000 | o%pes LELLEL LESEOLE | PLLLTLEE RSE0'D [+, %1] [+.002 SO0 [+]N+]
Q000°0 000070 0000°Q EEEEBRE [+, 101] 0000°0 BELLTLL iYL LLE FEERLLLE v 1] M1] Q001D 1,128 (v, (4] 7] M1}
¥ZREG] ZELD'QL Sbopez | loGe60L | ¥000'L | RO0/Z ¢ seaZg | opeessl | seezoor | ziego | | S900 | o9l 020 €00 |

| o869'¢) | OLIO'EL | l1oereZ | LOGEROL RLPEL 1) Wrd £9pSB | TORO'GEl : ZOPSROL | OFO00 | PRA00 | 0% 029 600
0OLZZE gEE%EEEE?EQ ob') AL 600 _ |

| QORG'® = | 990F'6l | lioper JOSR'G0L | 1600 20T IT 0L | ZISE9E) | OLROGOL | 99900 | ££80'0 | ofL for 1] 600 |
LERLS FFoGL 996,92 | LOGQ'60L | 0PSO ELEE /T PEPES | JS99'SEl | PEFEGOL ¥290°0 55800 14l 3 070 600 |
FrxY ¥4 ZZOYsl Fina Wid 1068601 QLig0 151, 4 L619'E | PeTotEl | A 20200 9/800 o'l 0z0 G600
00000 COO0'0e | STIPUT | 1OBTEQ) 00000 SgAPAC | LO66'6 | OZOCJEL | JOGEEOL | 0200 | O0E0D o) g0 500
EELOE) 660} ¢t 9250RL | MOGEGOL | e9Cl') | $L6L61 EISLR LZVEIZ) 117871 PESOQ SO80°0 o't 510 60'0
SPeg'nl ZR5ZvL SE/Z'8) | 106860L | JOSG0 2L 6L POEC'S | OPSIGZL | PEEGS0L | 86900 | 12800 05t 1 4] 600 |
IoVE'S S00bpl | LS6PQL | M06RG0L | 61920 | 6/62'6) | £eRi e | | Z98t'82l | E9ZE0L LD D_  OoFlL 131 600
&rLg gsss il 061L8F | 1OGSE0L YZIS0 yLEZO) LIES LEOORZL | JAEE0 | $2200 F4:1" K] [} ) -1%1] 800
20 EEDSFL Zreel LOGB'B0L | £28g'n GPZEG1 £/056 SEES BC) 5J06°604 8EL0D E980°0 14y ) £1'Q 8O0
LeZ6° 1 Sise'yl [ ¥i:]%y:1) 1068" 1153 40] 985E 61 LB6Y6 ZISO'BTE | f969'6DE | G200 | PEE00 opt gL'o 800
00000 000051 | FZEEEL LOBE60) 00000 YZBE 6L LOER'6 | SZeZ ezl | L08Y'sQl | £9J00 | 00600 DO'E Lo 600

. E6FR) | 990pb 401541 LOER 603 86170 N0ELZL £04V6 [ SOOE'LTL | £0Z1'50) 9540'0 2800 09l oL'g 60'0
5514 S5066 | sevsil LO6R 601 S009°0 EEPLZL i 96E2S GZEYIZL | 968T'H0L | S5/0°D 0S800 05y aLo 60D
411 % haqtod ] Ficri: )Y L0B9'80l | S0gb0 [=ir ] ra ZEOV'E | egactiZi 260801 PL10'0 09800 or'i 01’0 800
E6BLT j ) g e80d'11 LOGS 601 LISE'D BE65LT1 05256 6RE9LZL 0825608 ERI0Q 080°0 oe't 11 )] B30
8162 ZZUEE ZELELL LO68'601 DT0 CERLTL V6PO'S VeERiZL L6¥9 601 262000 g8800 Tk or'g 600
IPEZL LIDE'E 094071 1068 60L ooet o 996121 €69.'6 LGOE'121 | S691°801 1080’0 06800 oL [1]81] £0°'0
0000’0 DOOG' O 0oLZZ1 LOGR 601 0000'D 0oLz gL LOBS'& 1001 ZZ) 1068 &0} 0L80'0 0500 003 oL'n &00
VEES'E EE0L P SEEF'S LOBS 601 JEFED 25905 oS’ LEVE'SLE oats el BT8O0 21800 0ol €00 800
00627 FLi7% 4 regrs LOSE 601 £582°0 18915 098 SELESE) | SPOYEODL £ER00 91500 o5l €00 500
CEOET ECOEY EEPS'S 1068501 ERTZZ0 FAY S 4] 8199'6 SEEYSI) 2198601 LESDO LBB00 ort 500 60°0
6C8L'L aLseP EE09°C LOGR'6OL ELLLD Ivirsg g8Lls FEEFELL 2811601 Zye0’0 99800 ol 50'0 60°0
o6a1°1 LIO&'t yE99'S LG8 601 grii'o LiLLS 85LL6 SESSSHE 85.4°601 S¥80°0 L6800 'l SO0 60°0
¥1850 50561 SECL'S LOBR 601 2L50°0 20BLS ETERE SELOSEE | E2ERS0L 1580°0 S580°0 or's S00 800
L] 0000's LE8LS 068 501 00000 25815 L0686 849541 LOGE B0L SSRO'0D 00600 ool 500 800
00000 00000 000070 | 1068'60F | 00000 00000 1069'6 | 1OGY'S0L | LOBY'SOL | 00600 0060°0 oot oo 800

(s agloot AN MAGN Mali “ag | WA FAN [ A | "py Ty ] W 4 g w1




SEGNNZ SESE'QL | Aloctz | voegell L @usE | oeegsz | ootenl | zeslwel | egsegdt | oenson | oznt 0 0Z'0)
| eeezol . | cora'el | borOroZ | veeaRll | cposl | ofestsz STV TN 0S0L 08 1))
£928 RO zpeyaz | posaretl | spZel | - 7] SYelor. | qioniL | peenn | oopplo | o 020
RELTS Leez | boeareht | w0s1c) 4 cuZi'e? | oeset'ZL | espooby | omeevz)) | eoon g ez
BORE: abehaElL | Zrpp tOPaeLlL | Sea0. | soLTe? L goee7l | econiiel | ooogil | zieon 13 0Z 0T
RELE" BI2PE] sozeyz + peeweil | Loge'n | aziear | eoozer | mreetipl | encrewn | seann DILLD oL'L 0z Lo
00000, ONOG0Z I60vreZ | peceFIL ] OO0OD | OLAOWRZ | voroer | copnzbl | vecaert | ooson | oozio Dot oz zLn
GG EL LZLrEL ctel [ soraell | w10 ¢ oigorel | o oRloZL L oseriel | oswozit ! oZienn | esotn 0L sl AR
| tieE) ZIIE'EL Ovevel | pOEUELL L nleetl | isigEl | oeegr) | sonizel | eepzzel | ooeenn | seorn oL al'n ZiI'n
| o0FaR | ede'vl | BRJ/BL L boso'ell | bPROL o e7opet | nesoZy | eeibZel | oeteZIL | epmon | SLlln [ i
el G0BSPL | LELYAL | VOROFLL | SbR'O | brSERL | AZeOEL | cAboect | wzeoeil | eneon RELL'Y 0z'L 14 o
Vb0 Z 0 | teesbl | GZRS6L | borgELl | RP/Z0 ;. SSOONZ | OPORRL | AROEEFL | oeotRll [ Zooln £201°0 QL LN FAN:)
00000 ¢ QOOM'GL | oeed'n? | ROl | pond'n | grennz | sasecl | eEmees) [ voroRll | o oZolo | ooz | oo'L &1, FAN}
BILLR 21816 ALY POEOELL | SEFOL | SRIGTL | 97LGFL L1SZ187] ¥ ’ 0ZLin o9l ai'p 21D
ePRa9 ZEISE 627071) | vORSEll | PSRN SLEs 2L NZgrZL E£1E°6T) | oFRrELL | N EEILD (1,2 b | N] ZL'n
| tesze | abaps qcoR'tl | bece'gll | obpo'd | oo | elesTL | ozossZl | gucezel | Zeoln LELLD .l | oL ZL0
RIS GO8S'E | REcOZl | dfafatil il -4 S0 ] LEas 21 LZZLEL £LES'ST1 Frdid A 4 HOlH | Qo et or .u Lo
| azger EIZ)E SbPZ L | YAraeEE 33 41 198671 LEEZEL | ZIOgGXl | EPATELL | 9610 £2110 0zl ZL'G
ry- Yl ! SEDg's | ZSEPE) | vopeell | ERSID | ZJOOFL | bbobel | Slio'ezl | pperely) | : 18110 oLl Ea ZL'o
DODO'D 000001 | E97977) | pOFORLl | 00000 | foZe'Z) ¢ poroe) | ozeury | yocoel | opnug 0071’0 oo't [iX] AN |
85018 60651 ogebs | toroell | Ziabd | 2ogEw 16CLEL | SPOL'SEL | LBPLELE | bOLLN oL | 0oL 500 FAR
ELIOE peay [ ipegs | pororl) | goovg SHSE'S QOEZ'EL | SERL'GEL | OOEZERL | OLILD 230 | 0§ SO0 _Z1o
| eevbZ A 2 eege | pororctl | SSPED | JE96' LeLEEL | eesZely | Liteelt | 9l1p S/LL0 oy SO0 ZL0
[0;r4 7} SCELY fEZ2G | torofll | MPT0 | ogoes | ZPeerl | Zoopeil | #eeeeil | zZILo 12110 os') S0 FAN))
6807} i PE0RS ¢ bORSEll | 62010 £2/6°C SRIP'EL | QovPEEL | SEpeIL | eZ0 18110 0z'1 SO0 ZL'0
| €Lo9p BIEE Y 15605 | poco'esl | sieog | oo/Ee | GMSS'EE | PIES6LL | GPCSTEL | FELLD ¥ELL G oih 500 AN )
00000 0O00°S SOBGS | YOEOERE | OODG'D © 6096S | ¥OPO'El | ZZI06LL | posgell | opLlD O0ZL0 {113 } £0'0 20
11,001 Q0000 00000 FOEOEEL 00000 00000 PRESE) | veeg'el) | pOEUEll | 00210 Q0Z10 00} 000 210
____ Z62esl | eolgpl | $EES’SP | OBGEZI) | FGHOZ | oB/S /T [ pRLEOL | OfeeUEr | bRicOLE | abi00 SE600 gL oz0 Lo
| FISOS) (1271} QESE'SE | OGSEZIL | €60} | SEoo0 T | JOSS°0L | SZLESEL i LOSOOLL 01100 £960°0 1,2} 020 LL'Q
PrErZL L ZHORL goseoz | eeseZir | O RIJEL | eobsuz ! ogsesol | JPESERL | RREO0LL | 2600 QEE00 orL 0o LLD
2046 PRST 6L GE6L0T | 968eZl) | OPEC) SIER'SE QIZE°L] X | SCEbIY | P00 | SIOLD O’} [1AL)] 110
E1ES 950661 ET 2 | 96CCTI) | 10690 FL62T 'Li | S095°6CE | CAUYJMIL | SE90'0 L. SEOLD 174l 8 (7 4) 19
| OI89F | SE5/6) | €JC9/7 | O6SEZIL | POVED | #000'87 | ¥ELOZ) [ goi0ovl | EIOZLE | 8em00 £401°0 QL [¢7411) 1K)
00000 Q00002 | 6E80'RT | 9RSETL) QU000 G588 | ORUET) | PEPPOPL [ GESCTIL | OPR0D 00110 .08 (174 LEQ
__ Jogeel | 9J@gel | o0Zlgl | 9GSETIE PLSY ) 0Z/SE) LROGO0L | 206V0EL | PODE0LY | 9ERQD ¥860'0 09t 510 X1
5£/9'01 QEL0PE | pTOVEY | 965CTML LZEZY SPIOBE | PiVITIL | ZPOLQEL | pJPLLIL | £5800 | £OGLQ 05’) $10 LD
| ofes'p i TR AN EY89°8) | 96SEEEL | 91/6°0 29596y | e/9¢y | vrbOTISE | 9igeil)l | 69800 | Z20L0 oF'b 540 LD
[+]3: 5 i a ik 48 280GRE | OBSETIY | YOCLQ i £669'6) | Lezo'l)l ! ypZeier | uez9lME | oRg00 b4 41 M 1) DEL 510 110
0Ly 62yl orsZEL | 965€ZIL | 0gePQ o0ZrL6L | SLIgLL LOLEL | SLIEMEL | Z0800 1904°0 oL sh'o 1o
yelLoZ obLety SOVSEL | S96%€2LL | chrzo 0sel6t | 0SIL'Z) | 00OS'LEL | OSEMZLL | 6LGOO 18010 oEL st'o 1o
0000°0 0000'SE zeze6l | 9egEZI) |  oono'o ZER6L | DESEZE | AJBLTE) | 95SEZLL | SEROD DoLLQ o1 sL0 [T
4520'8 ez 6 Wer Ll | essEZLL | 28160 PZECEL | ELYPLL | JEZREZL | EIVKFLLY | $Z600 42010 og't oLo Lo
] PROS'Y oZgLe OFEOM) | OGCEZLL | 29040 | CEESEL | €e65°)) | OZBEEZE | COBGLLL | P00 £ECLO [1]:3) 01’0 LLG
09z 5056 | ¥2089'ML | G6SEZLL | @EL9Q ZOMLY'ZL | seviey | GlolyEl | JebSMIE | 51600 15010 oF't 010 10
obige 2629'8 ZZLELL | 9658ZLl | olaro ZEEKEL | Seegll | LIEEVE) | Se6EELL | JS60°0 £3010 [ ovo 1o
geco 82816 verLZl | SBSEZLL [ BJOED 205kZL | SISOZE | OZOS'HZ) | S1S0°ZL) | 89600 82010 ozl ot Lo
SZ9T') role'e ZEIET) | @6sEZLL LSED ELOVTL | SSOZZ) | JZ290Z1 | SS02ZLL | BL60D 28010 oL’) oLo Lo
00000 000001 wharzy | oseeZil | 000070 brob'Zl | 96SE'FL | BEVE'PZL | 065€TLL | 086000 o0LL'o a0’y oL'g Lg
Eeo9's Z625°F BEST'S | 965€'ZLL | S9EFD 2068'S Z26°4) | ¥EVRALL | 26 | ZioLe S90L°0 og's 500 Lo
l9g0°¢ OLES'Y 2086'S | OESEZIL | £vagD SteR's £566°1) | @sgerstl | $SeEiL)L | gLOLO LIOLO os't 500 LLO
£9i¥'Z 8z8 it 49095 | 9ASEZLL | 91620 £868'S 6L00ZE | EO06°4LL | 6£8077)) | £20L0 22010 oF'L 500 110
92081 spiIgy £809's | 06SE°ZME | eoIZ0 12085 200121 | SEYO'elY | fOWIZLY | BZOLD £801°0 OE} 50'0 o
ES6L'L ralay ooels | osseZil | oorlo 0906°S 9EIZZL | SELLBLL | $EIZTIE | +EOLD 88010 oz S0'0 Lo
SHES D Zeth¥ BOER'S | S6SEZLL | OEIO°0 g605'S Sooezi | coml'BLl | SBSZ'ZILL | OrOLO 601D o't SO0 it'g
00000 0000'S IEL6S | oesezLl | 00000 516 965221 | 2Bl | oeSEZLL | SHOLG 00LL"Q 00’k 50°0 Lo
00000 6000°0 00OC0 | 98S£'Z1L | 00000 00000 9escZE | 9658CLL | 964871 | ooLLO 00110 _00'L 000 kg
"AY/MARIO0L | MABN% | AN | ™Gl | *ag A “AY A ] 1 T g “ 1

O O




— o bi05EL | Zemaiel | eioeeLr i
| ELLOG)L LZrER | _L0SE°EL | {0CtZeL | LOGSELL | ¥l 0
BALETL LIEaRL | 116G T T T AN
a SEZN'BL | casebl | eGRSEYE | sesapil | rl
QERE AL | _Enbest seIt el | EORESLL | ¥ln
L Si982 | ebsogl | |- Q/0O'SL | JESSEbL | QIORELL 10
X OO OF LEITGL | Robeabl | LGSZOLL | 10
apecey . | |_SONCYl | BOSPECL | DOOCPLL | 10
LeIIEL S760' ) SLOD PE ST PLL #1'0
P oyl d LOCH b bz aeL LOCE L L BL'O
i 107 4| |_SGRZ'GL. | DOfaesl | GCa?GLL 10
_LPEZd OLIGYL | | pbLol | pioact | oeviggll L0
oeRa'? P o) novect | osobeet | powsell i
N 0000541 16221 | speyogl | o1gszo1l ?10
___9enE'R EEZOE Aenel | ezt | JORNSLE | rl'D
i N9BL'E | GarzZ'cl OLERZL | ROFZatl | #1'0
_£Rob'g SAbEE | | BOJZGZ) | oftbal] | 10
Senay SLIS'6 | . SIGS'GE ! JLOG Rl | S1€OGLL wt'o
’ tPIES LASR'SL | FRR/ 971 | RAGEGLL PEQ
d ZIe6 1690°91 | /S96'871 | L&OOOLL b AN}
’ [i,r, v, ¢ X118 162291 066L'6ZL | IBSZOkL yL 0
. LSt voust | oesrizy | sbeeer) tL0
it OEHSY | \egr Sl Jatzt | iegrelt %)
¥ Priot | GIBR'S) | OLRELZL | GIRE'Si) | hd X]
| FSOR'L  ;  |ootly | | QIGEGlL | ZeR07Z) | DISRSEL | h-J X 1]
Fio o4 208001 | O@8iZ7) | Z0BO'SLl | L0
5 9916y . ZreZZde | cell'oll ¢
0000's L62Z8) | OS6EZZL | 16/Z°91) d%1)
DORGD VEIZOL | RIZOLE | IGITOLE | P10
X %L 22vzl | vezeorl | sZ2eTIL e1'0
850691 L OseR?E | Jev0n1d) £1'0
9r0g°el foszer | ezospl | goezEll £1°0
y SEQL'EE | J9O0'EL | QSROZHL | JO99'EL) | A N1
SEY0'9 £TOV'EL 1Os0YE | JZIeZrl | O1060TpLL £L0
ZLOS 61 | ISyl | YEPYERE | ipisvLL €170
00000z | cZPEPl | Zelosh) | STYSPLL £10
ZESU'EL | €25El | sOZieel | €£251°CL) £
| SECHE | C6/8'E)L | L QOPVEL | S0GHEEL | gSpiel) g£to
¥EQLPL | SZrLEL | lsieeel | STFLEM) £L0
9IZEPL |__vOrOPl | TSOLPEL | POPOVILE £Lo
21551 SSECPL | LILGPEL | SEEERE) _E1'0
gLLLY) Zovodl | BOJEPEL | ZOMOYL) €10
000051 S2HE'YL | SoETSEL | cEpEpLl €10
YEQL'G BS09'EL | Z¥SYOZl | 8B0NELL €10
82526 CO66El | ¥ZOO'OZL | ZO6G'EL) | £10
€206 Z¥RL¥PL | YLI99ZL | ZPBLbLL £1'0
LSS 62LEF1 | 0180°42L | eTzEVEL €10
LOLE 1298t | ZIEZTLZL | 1ZOS'YLL £LG
90586 0gsivl TIOSLZL | 0252°%)) £L'0
0000704 SZTrEdl | EELIMZL | czpev)) £10
2155 LZorPL | GEZVOZL | JZOVELL €10
yozo'ty £2EP'PL Z818'0Z) | E£T6FTLL £10
ZLory i2espy | JZIo0ZL | 1ZesbEL €30
65LIP 02L9°P) | Sl0L0ZL | OZiovh) €10
S05Et 0zolvl | 120802t | o0Zelrviy L0
E£STEF ZZ58FlL | LISE0ZL | ZZSEHLL £10
0000'S SZrekl | 12B6°021 | SIVSPEL £L0
0000°0 i X SZYEPL | S2YEPLL | SZEEPLL £10
(**Adraglool | "agnNw Man [ "aar | "3 “PAM *Ad ] 1

@

O




P 40 £y Jeuie ayps Aq petjuaieiep jususinbal Buiuoes) alp , ‘00t = * A Bununsse
Z18702 EEEEEEEE ZeI9¥LL 0iq | Sizro 09t 020 5r0
— L9096l { porzel ; oeseraz | ovreet | gere | orzrpz | ssonel SERAEPL | E/01'CHL | (GO0 ELELD D& 020 St
GLIVEL EEEEEEEE%E o'l azr'n SL7D
06886 | ZipgeL | go6k/Z | Lavas) BRESE | OJZOGZ | eole'gl | Brelsyl eoriolt | oilkd | geelo | oed | ogo | grp |
oz6L" LPGZEL | BAYOLLL | OBCOTL | SYSIEZ | 191991 | ogurey) | : obLED #1'0 (743 o0 SEQ
| 0010 | Ot9El R9L92 | LavOiL —BOMC'0 | ooREee | eosbyl | eZIPObL | SoREAL | 0140 £9¥1'g oLl (174 I Sl'Q
0000°g Q00002 . BPEZ | 1iblbl | 00000 | @letez | Lspegi 9050°/PL | LIbO/LL L OO | Q0510 00’1 029 510
GLEEEL SLIvEE | SgeEel | 1paen | 6517 POSEOZ | 168Y'SL | 98ogSEl | eet'sit | owllD LELD | 09') gL' spg
— CUBEEL | YOJO'R) | 16EoSE | Livols) | gropr | : SEPESL | 2 EEFRGIL | £oiip $UEL 0 osL SLG T
2EEER LiPEEL BPTALL | SibbL 830502 | 965191 | pG0/9ElL | 9651011 | gplioO $EELD oFs 510D $i0
|~ S9.99 | 650TpL | Loewel | Lsyesil | oepo) MOS0 | 18SSOL | zszilel | pese | 20210 %42 50) sl 510 510
| EMOEY | 90ipbL | SvOEEL | yabeisel | 2eero LZET0Z gl | 9155°CL | emissll | ofzip o ] S0 g
ez ESELWE | OILSEOr | bSpo/L) | ZSeED | gosgoz | glgzyl 98/6° /8L | 8182711 | 520 PIPLO o1l sl sL'0
00000 0000°G1 219202 . LMbg'/1) | 0DDO'D ZI0L0Z | 1ip9lL | seoweel | usvestL | ez2uo 00510 00'L g0 510
rEOY'S Zivs'e 615871 | LipolLL | ggosy 6816k | 1L6/z9t | o6BLeZL | |6/Z9ll [ 032L0 | oovto | oo [ SL'Q
Hee'g LLLLE 8zog LIPSyl Zhl QsPe'ZL BYOSOL | 86YPEZ) | 6pOSOLL | S/ZLO kL0 os') oL TR
0Zit'g 626 | ops0ZL | 12v02)) | ssien 2OJ6ZL | SMELOL | L1of62) | sierell | peeo £LFLD or'L ai'o 510
8850y K016 SIOEZY | LIvEIIL | 08800 S566'Z) IESE0L | SPSE'SZL | LSGEOLL | S0RLG osbLo el Lo 5L'0
BE19°Z LIV9'E ELOSEL | LIt@ZlL | 965D BUCOEL | S/8LAL | £ROTOEL | SISL'ALL | OZEED 19PL°0 0z’L oLs 510
SIZEL SEZE ISLEZL [ LA2LL | ZosZo ESO'EL | eoLv'd) | leovog | gelplil | seclo £8PL0 oLy al'o S0
00300 000001 GLIOEL ;i LIPOJL) | 00000 SLIDEL | 1Jp8JL | OBLIOEL | bive it | 0Ssbe onsLo 0oL oL ci'Q
BOER'E 80.t°d 25058 | drgll) | 0Zs90 861y 1S66'9) | JZS1'EZL | V566°0LL | oOgELO ESPLO o'l 50°0 SLG
1611°E ggcsp SE19S | LAYSlLL 0 ££91'9 ZE0LJL | 908Z'EZL | ZEOLALL | esElD 18¢1'0 051 SO0 sl'o
00ESZ LIVYY SEELS | bipoitt | sseEpD 06819 SLITLL | 908EEZL | BLLTLLL | SEELO £9%1L'0 oyt SO0 510
vi881 ESEL Y $ires | tlyelL | soFED iriL's 20ZE'L) | BYEYECL | 2028 il | £OPLO 910 gL £0'0 510
95Tk SE2EF €206 | 19itt | 1eizo S081°9 €8Z¥'4t | PEOOEZL | EREVIIL | 0Lk O tREL O 0zl S0°G sia
$229°0 LBt 0Ll09 | LSl | zeoi'o 2agLs 628921 | LwTIE2L | &I8SLLL | SLRLO Z6¥L0 oLl S0'0 £1°0
00000 0000°S 0z6ls | LAeh | opooo 0ZsL g LibOAL | OBER'ETL | LIPSLLY | SZhLD 00510 0oL SO0 510
00000 00000 | 00000 | 149iE | poooo 00000 LAVEZL | Lavetll | papeitt | ooSLo 00510 00t 00'0 510
(Paw7adioos | ¥aansw [ #aaN | Maar “wa_ | "a Ay "Ad | ™Ay 1 a1 q =g U1

-,
O
s

O

@,




A

oone D000 190 Al 102 | Zelenl | opober | ool [Tceeory | bgro | o0'L
000°0 0o0o L300 | _lens | o/z )7 | gonbgl | eloea? | Lenea | loeaey | ienw | laoem o'l
oan oon'n 20 DeR's 42 | OOO0OF | 6Zrpiz | ogopnn |oeapuer | oproR | omepent feoul
OO0G 0 290 (-] JELRL | EROLWL ) OFCARL | SeRlL | FRRUE [\ T k] LG/l 0oL
few il o' ZMY BLER LRZ _GbeGtrl | NatsEL 22500 EMREL | erew | omiesnl ont
00D onn'g 200 0en'sg ZEe'el | Oon'SL | $PAE ponnn . | eePReL | nege | peeAnL 0L
000G vt} Qo QLR OELFL [ Sanbs | ZOLS'LL | S8t)D | O0eL niLa D/LANL 00
oo0n 0000 RID k-] 04LTL £80)8 | emoeit | iiee | eRDNZL | a7gR | ereal 0071
onon fieal1] LENG . at2Zi | 00000l | oozl | gooon | ooezze | pese | osmen ook
o' 0000 ERON | BbeR 98 G EOL b G | LEPE0 | pLESLl ‘B S EOL 0L
s o01] oone 0 fLle TR sicey | eeoag EL/L0 | PRLGLL | &itE | ¥ o0l
onn'n o0 S00 ;. DERE | bRIG onon G JEats 000N K DERA | OER'GOL oL
o00q onG'o DEOD DERA Doon 00000 DoON0 00000 DERE0L | DRG'E | DER'GOL 1) oL
| ¥2288 | ZepZe | selo | cienz SIO0TF | SIEE0Z | GENGOP | baDa'L | BREOGL | baZ'e | wozvanl __ORD | |
: 02471 | ObEC LOZLZ [ opede | geots? | £ILo) LEOR'0 | LDG'LGY | LB0® | \e0'sdl 080
X CLEZ) StlD DOLZZ | 626708 | O000RZ | (66T DOOG'D + g2o7cL | DR | 0eR'eD 080
RO0ZE 2P0 SEROZ | pEE1Z § GEROPT | pRor7e | Bopll | BRLZbL 174 060
o012 | ool | pob'l? | GevZ | ceatEz | SON0TE | vEsen | seezil BIEE | 21880 0680
aaaaa PSLD 0L 2T dPShZ [ OONGEZ | L/S/EE | 00000 ) Joeet | oeeE | 0 OE'C
OELZE | 8610 ope'Le IVEL BL | 0RE9'YZ | 2ELIT | grfbEL DIL'E 01601 080 |
o221 5181} L% | ZZ¢FL | OFELRL LIL9tD | LZZ'GEL | o768 | ERG'A0L 060
J\|FArd 0L 7z 49681 [ D0OnGE | rorsgz | onooo | seaers | ores | nenen 060
ZiL'2) oL Czllg | 905 | ovezdl | zoez'gl | 1zve0 | oztg7r orsE 26 50 b i
LELZL 1¥331] 174 k9 | coonpl | ELALO | SZEBEL | ewE | eLLE0 £ i
(1] T4 4 2410 00122 S2p9 ¢ 000Gwd ; €9EoeL | o000 | opemzl | oewe | gepsnl ot i
OLEZL 1810 Q0L 77 Q000 | O00OOL | OOIZZL | 00000 | OOLZZY | DRE'G | 0RRGOL [\
FriiA 0§ S8e'9E | 6ERFS SE ) PROEES | pO0O'L | E6IE9L | pEZe VEZ'R0} o'}
gz EIZQ FEEEEEEEEF £t
A F XA BL20 | e9fde ¢ Leebe | ooober | zeyera | ogooo EOLLALE | 06R'G | 068601 (1N}
: EEEEEEEEF LGS LSL 03 9
SE/Z 1 SC2C | Jgoe | wILHE | ovoie | erseos | 250 | 19/091 | gte'g | 9ie'enl £t

SL¥IZ | IERD £90°58 LEFE | 000D OELLLG | 00000 | £0919t | 0686 | 05360l ot

A |.E62/2 | WED | eoboe | eo1gi | gozgvr | egesih _B6LLG | Szt olL'e 0L 6 9l
. |_Z0E4Z | B0 Heee | Z1Z'%) LE | GEERTY | LIOB0 | PZVZGl | BESE | egesnl 21

SIVIE SHZQ £9e)8 | €Sl | o0n0eZ | 000070, ; fogse | 06e6 | oem'sol oL

- L 980T | 9920 | gEsoR | Oz SCOLCT | OSSTVE [ 1THED | TPLMEL ! obse | etse0l 9
- | Oev[Z | 4520 | emye QIEL | €188'6Z | JObC | SLILO | JOEVKL | GLIE | GLL60} £

girie 0 CORLE | OeZf Q0002 | 1204%€ | 00000 | ZB5th) 0eg .4 -0]% ak

SiViE E4Z0 £IEUE 0000 00000E | SZitriZ | 000DC [ £OBEL 0596 | 06801 o
L0¥°9y ER2'¢Q LES PG EL9SF | Z69LEV | SE/vER | $O09L | POTESL peEe | 82901 9t

BriOr | 520 oER'SS SS6FE | DVRSEr | pieevE | 16080 | SRLPSL vmu”m LBO'ECH £l

980 Ly 052°0_| 99595 LVC€E | 0000bY | zeveoe | opoon | zezos) osgs D68 ol
. i3

L | goooy | eoeo ; SLbir | es/fee | (geaz) | geel') | surzey | ioze | 1ezepl g

_1589F | 9080 | BOL9G | BSSlR S88LCb | TIE@R. | PRLS0 | JZLEOL BIES 8L £t
9650°4F GO0 98595 EOLZ7 | 0000 | 26602 | CODO0 | 699¥8l 0686 053601 0l

1819 EZ8'0 95655 62674 | SvoSoE | 1968°CS | 96110 | gereiy 174 Y] 041600 91

LS oy 220 Olyos SEE'/L | EE6/9E | SY06ED | LIOEQ | 9SHELL 6256 B2S801 £)

880y 1280 a5 EbyLL | 0000 | 9RESHS | 00000 | e2vbil 0688 08801 o

12814 EYED LE1'95 Le28 EZ62CE | IEPOPS | LZYED | peipnl 8hs's BYEE0L 9

2204 PED LbL'8Ss ose'e COELEE | S0QL'SS ) £1ALD | 166VSE Bl gLL60L £

5602 %20 98695 A4 Q0O0S'EE | Z8GC'SS | 00000 | BbZ'sol 0656 08601 ot

S80Iy £3£°0 986°96 0000 000002 | 85604t | 00000 | 986°95) K] 058601 oL

MmN | ™0 [ A [ A ] MAaN% MAEN | "aa | "au | Pau | A | s

-]
L IACIRTN-LIAAY = *Ad *PRy pue A, iog o) peidty uaesiedios (y

x SOBFH BUR SoWRIOA sDRURIT pUE LERETHL) UG UopustedwoD AMUCIRIFUON 70 T58HT 155 SIEL

@

O

O




on'Q T A FAY Sh.ﬁ%briﬁmm.mwl BALSZ | QZCTwl | eZb 7L | SZball Q| Y Do ELT
0007 8600 | BROEL | JIbge LBL | eebl 2 | ee/Z'L | oea7h)l | RN0RL | £GQRLL £l ozZn 0oL £L0
onon 0L [ -d N ces e 007 K 0000 | 879t i ChEBLL o 0z2'n na‘l £LD
001N B50D L ZolPL | pasel | Foogen RLLLBL Z0ELL OZL el Zelel | o Foatell al CL'D 'L ELT
oo =741 W MOl | S2L0Z | o/zevt | azzzal | lzen | ge) PEL | OORL | OORLE £l sL'a Vo R S £
4000 L0 Evedl | taznr | ooooel 67 0o00g | srzaes | ooeavd | oebmpll [ 10 Do'e £LD
a0, =11 i) BOREL : Gwazl | wenlm | oseiaan | oseetcy | gepaz) GOREL | BOeerl S oLo Dol £
DO £LL'Q £IEPL L3658 | AL | seean | 107 | o siEbl | BIERLL £l oro o'l £L0
00°a FATN] EPRYE | LA2ZL | o000l ) bL22 7 | opooan | bLis7L ehabl | PhEDLL oL oin 00l £1.0
o0 ELD £l 1709 2165 Plobs | BEPEQ | tZPDEL | fobel | fobell g1 800 onct. £L0
D040 FrANH 219'b1 L8049 TN ) Bis2 G | 90020 | szl | Zreel | ziotki £l 50D 0L L0
oonn Ln b b 009 ooons k:] 000G i POE'BL | EbEPLL ai 500 ool £1°0
0600 OELO | EpEd DO0G 00000 00000 0000 | £bEbLl | EbEd: | SpEPLL ol pan 4l 210
__$6vZ) ) 0910 LG BT SEZLE ) F9EEST | LOOF it ’ EFLOSL | ERPTL | EEPEEL o4 o] 060 £10
o£a2t 2aLn i S84 | LPRLJZ | o0PRTE T BesZy | fievcy | peeel | eseens £ 0z k LD
IV AW VTN ) bEIZ +E | 00008z | eesotb | 00000 | zZvasst | ebevi | peabll ol 0Zq fe.Ae] 210
£1621 i ; IVEZ | JERZTZ | ORRRZE | ZDESL | ZIEsbL | Zolel Ll ol &i0 080 £10
LISZL 8110 FAYA:"A 19677 | BhEa72 | SRZIpe | IZOR0 | ZAVERL | obOvEL | ObOELL £ SL'0 £ £+0
RUEL L eRlD 2N r A O00S'eZ | LEOR'SE | DODOD i EbSbl | EbEwLL o SLD [1.:ke) £1.0
|_SPOCL | @910 | ooz Le0FL | teeiRe | Zrocer | seep) N FOBEL | BOD'EL) 9 oLg 050 £L0
1A Z6L 0 I3 AR AN ) Bl L SRCTST | JB0s) | LOZtvl | ssebL | SiEvLL £} ot'o 050 £10
¥ 7k 4} SELD pLIiE bh | 000061 4 219602 | 00000 | poeitl | evsvl | cemelr [el 8 LD 06°0 £10
LELEL k%1 AL h-JIWFA EEEEEE | S0P pLl 9 _S00 ! 060 ELQ
Al POz'0 43 rA S0/ | fReZyl | JorieL | 9020 | GIVWEL | Ziabl | ZioblL £l 500 | 080 | gD
L2 EL 20710 bLL iz ZZ29 O00G'vs | 2eavel | 00000 | oebbel | el | SpepLL o 00 080 ELQ
FLLZL P YA ¥iliZ 0000 CO00QL ¢ PILEL | 00000 | PLZUZL | SPERL | oheLlL Qi [vvXs] i, 1) £r0

8012 1820 —ZELSE | oS0ove | o900 | 86162 | 1ooGst | ezbEL | ezrEid o1 020 Q890 £L0

|_LLPST LEZD 2902k | ZZoSe | eeseae | seoown | epsz) | L09LAL | GOOEL | 6992l £t 0 080 L0
EPZ0Q 29CY § | 000098 | k 00000 | 96G°6L) | EPE'PL | epsvp) ol (1741} [1,:41] E1Q

L. BREEC | GHZ0 i dl Y] k $OE'0C | Giop G 1 Zosl | oppaol | zoigl | ZSLEE) =N ] %] 80 El1DQ
DI5'82 P20 [3:1:04 ) 99167 | 12ovie | eeosEg | Lzoe | 90791 | OMOPL | obObLl £) 5L0 08¢ £L0
|_SE/87 | g9g0 896y | 9E'SZ | QOO0TE | SO60'PS | 00000 B9 1 EPGPL | ShEP) or gLQ o0 gL0

| CSPeZ L9Z0 bAETy | [08%GEL. | 920207 | ecZieh | /EE1) | 9o0'sch | BOgEL | e0sELl 21 oL 0 080 £L0
i beQ | 9962y | cewsl | vivoyuz | sooeer | sesco | jgeest | eebl | eepll £l [v] 41} 080 £1°0

| 9€LBC | w70 L9 | vo55) | oooosz | essark | ooogn 651 | EPERE | EPSRLE ol oLy 090 €10

1099¢ | 9820 | epogy | (26U | vive'ez | e/esce | geeco | oecogt | eobpt | eobsil | o 020 T

| 8998 | /920 | oheer o WA 4029'€2 | Jivese | 90/Z'0 | @005l | zi9bL | Ziokll £l 500 " ELQ

L Seler 1 eeZ0 | 9loek | zos | 0000bZ | : 00000 ;| OvZIG)L | €b6bL | EtepLL 0l 500 080 £L9
N A YR i 0000 | 00000Z | 996287 | 00000 ey | EPEPL | £vepLL o 000 080 £L'0

1918t 060 | POS0S | tstor | ebpizy | E218'68 | ©6162 | 65002 | e2pL | eepztl % ozQ 0L0 EL0

dlLey | JOBO | 8070 | o6G0v | w2iCey | 2/60°08 | 6e/2) | 0Bez0z | 600wl | s99'%Ll £l oz'0 0.0 £

1926y | S18C | v02%9 | 1S0°Lb | D000 | 02LE0E | 00000 : PGV | EFEbLL o'l 62 0L0 £L'0
PEYBY | YZE0 (| 9PO'LS | SESHE | 99556% | pecZ Gl | 06L1 2L1'0BE | 26ttt | ZG1ELL gl 510 040 £1'o
Sig8y | 8280 | SI679 | 06/Be | £6200p | 022791 | 12060 | Goolel | OvGbl | ObOELL £ 510 oL’ £L0
1026y | PEE0 | 029 | L/6'07 | 000SOW | ZOE2Bs | 00000 | MOLE6L | Eve bl | ChebiL 0L 5t0 GL0 £LQ
SiLBY | O¥E0 | vHSTY | SOOI | be/EOE | pO0/GS | Zeckl | BHOUBL | BOSEL | BOREIL o) 01’0 oL0 EL0
L106Y | 640 | 06D | v61°04 | 2995'0€ | 710990 | L6950 | sbelml | evebl | SEBLL £ oLp 040 210
19e8b | EGE0 | +OZPG | SHZOL | DOODLE | BSOSUS | 00000 | Gbbest | etebl | ebdvis 0 oL 0.0 £l'g
DEOBY 0 _; ZEpE9 | 2099 | 290LeC | 91605 | eSO | vEDTIL | Sobwh | SOPBLL 9l 500 [T €10
Svieb | 0480 . L1e€9 | z2ee | iepees | goebsS | 90/Z0 | 6evZil | ZLebl | Zi0bil £l 50°0 040 £L0
1526b | 2/60 | vOZPS | 2p00 | OGOSEE | £O06JS | 00DC0 | vzl | Evebl | Cbebil ot 500 0L0 €10
E9Z Bt IEED | ¥02'¥9 | 0000 | 0600CE | t19Z6¢ | 0O0DC | ¥OZ VoL | _EbEHL | EPEDLL 0l 600 01’0 ELD
[P AUN ] S [ AT [ Paans VAN | FAm oA SAH [ AN | | °1 o1

U




1

DO, COND 000D GO0D oioez | Aranzl | sapuet | panal | onoezr Y978 | oz eni a’, [eA) 0oL
oono non' o009 00q°0 DNSZ | A/O0ZL L oesOLeL | 00 | oonezi. | lene | lanem £ el 0L
oannn Ao o 00N 0COeZ | srenZ) | RANL'GL | onond | onnezl | neeR | neeen o 0Zn ont
oonn onnn [ rany a0 2ee6e | rogyy | ooer | spasut perg | LereoL oL TR o),
00°n 000G oo 0000 o] pesca | gacsy pzien | saril | oetew | pream £l cLn ool
AN 0000 nona OO0 oy | bergy | eness L0000 fPasLL 0ERR | . ol Si0 ool
oon'n onn'o one'n onon : Ot22'L | esetse | Bl | O ULE | osienl 5% 010 onL
0oa'c oon ono's oonN'G Ll BRROCL | OLEL useo | t11ell | szes £ oo oL
OO o060 a0n'a oonn 4 L OLZZL | 00000 ToLLLILL | _0esR | nesenl L [eTh1) [r'eal}
OG0 vy 1] oonn oD | >-"7A [10v.4%s) QiZa'p- | 2P0 ) ooy | evo's | oepcen) §°L = e¥1] Do’
0on oog'n oo0n oo | sozg 00o0'G_| 0s7sh | eLsln, : | B8 ; £L sap on'L
oonn [onn anna 10A'a 0000 | 0/79% | 00000 | sazenl | nese | oemane ol iV [uh
oo aon'n oo onn'o o000 00000 | 1oaRR- | Q0000 ) oooom | peeR | meeenl ol onn oL
| __ibbcrx 1282 0800 TN LEL2'02 ¢ opaser | boos') | soaeel | were | poren) &% 020 060
—————— 0e0Z | o800 FRE'LL =17 —LELRIOZ | 096607 | LEOR'0 | GEA'REL [ LADE | 10603 £ 141} 060
. BEREDL V2L o0 LALRL 16/807 | AeSRBZ | 00000 | GRESRL | MER'E | NRE'RIL o) o070 08
A A ) A GR0Q LLE'L BOSEL | LPPR'Gl | poreor | eeel’l | sLsoel [1-74°] FSLROL | 90 S0 050
| Gtal | ERLL G200 | _$LLTLL -BOOEL | LveaS) | esZen? | prson | etsoel | aree fLEEDL £ SLO DED
BRROL 2L | gseon | 31 | wesst | earanz | ooonp i 0ee's | osseot ol TR ;
| Aokl | 16 | 080D LELEL L 06B6'0L | Joogei | w610 . 0LL'6 0/k a7l 0ig i
|__CEZ'Pl 2857} 08070 PRLTLE SFEZE | CERGOL | 2995°EL | 1 ISPEZL | G296 | 629601 £1 (1] 51} i
| GE60) bZ2L 60°0 LhLg) | 06960+ | /995°¢) | | 00000 | JSPEZL | OERE | OGRGO) o) 1] %]
L R90'¥L | oSl | oeDQ LELEL 1] o0 | 0690 | 1Zbe0 | BoEgly | epe's 2SS ROL gl £00 0
LES ZL Z6e'L 5600 LLEILL g | obbhe | pesoy | eLiL0 y SLL8 | BLL £l =11}
| ER60) 1ZZ)L S60°0 bil'dl SpES : OPWOS | 06007 | 00000 | &5EBLL.[ 0606 | oaneOL ot 00 |
69680 [¥.r4 oL LLETL QOO0C | &BB0l ! OtZEe | 00000 [ bLiLid 6| 08260 ol o0
.. SORSD | 000'CZ | Qo' | POJS'RZ | eRcEgy | $o09) | | 052950 | $o2'% | PRZ'90L &l oEn
J1:%>:] b 031G 00052 OSZLE | B0/962 | 66%cov | pe0m0 | oszogl | ipog | OG0T £¢ 20
QS | 0910 | 00062 | OSE'LE | £O/0GZ | BESeSY | 0000 052991 | OORE | QBRsOL 0L LA
L S05P0 | ebegl 0LD Q005 | 6507 | [pZGZ | JO0LYE | 9eell | esGyupl L3L8 ] LSLEO0L [ 9} StQ
|__ 62229 289751 QLo 000'c | 65022 | spugez | Jeote | ves50 | esoupl | oiee | | 21£°60) £ 5k0Q
OLLG) 040 0006 | 60T | fpiZeZ | ojeoiie | 00000 0586 | 05560} ol [ TR)
. _BLEE9 i geogt 0210 00052 | eusel | 16/9n : 25120 OB | O/L°BDL 'L 010
| +92°19 LibgL gl o | 000's7 | 698l | b6/8°0Z | 206692 | 11980 | ooe'eel | ezne | £l el X
| Ott'o [+]] 8-} 08:0 | 000GT | ogoel | 16/90Z | 9866'9T | 00000 | 0686 | 050601 Q' oL'g
| soo'Lo 4747 0610 ) 0009z | /59 | stgvel | gemolz | 12peg e | 2¥ss | gboeql o) i
52119 18251 0610 | 0007 | 650 [ cegvos | Bgesiz | e/t | eigter | 646 | 51L60L el 500
(1207400 211 %11 u:130] 000'5e 8J5°Q SESPOL | 286912 | Q0OCG0 | 65'LEL | 0896 | oBBSlL [k} SO0
[ OPPOO OLLGE 2020 0052 0000 cl | 8601 Gl 00000 | 0005Zs | 0626 | 0&YR0 o) [0 X1]
FER) SISPE obzo L5872 | ISR | Gisvee | €10s'es | 4900t | Lisair | pazw $EZ°50L 9l 020
Meel | 9tiet (0741 A9y | viloe | ciobee | 19990 | 16080 | 150l 1806 | LRO'BOL £ oz
2597 L9BEE [ A ASBTY | ¥iige | siovoE | £1E9T 06000 i LISB/L | D6F'6 ! OBEEOL i [}
| GES'6S, S & SUEC 1592 1] ¥4 PELSPE | Liiec SBELL | J90'wgt 375 174 9 gLQ
652°82 BESEE S5C0 58T Q1252 PSLO¥E | L221RS | +Es60 | zo0°goL BIiEE BIEE0L £l SL0
£26°9) 19678 SSZ0 | JoRZP | OE2SZ | $GLOPE | LIJLWS | 00000 891 | 0606 | oemED) ol 3L0
£05'8L LROEE Gi20 L68°EF £i8°61L 2690708 | oobRep 881L g 0eL 951 1749 :] QLL'E01 s QLo
99 4L 22EEE 0420 45820 | SIFGL | 269L0E | OOVE'BY | LISEC | OBsBSt | 6295 | BZLEOL £ g
£26°94 96728 UZ0 L858y | €J0S) 1| ZGOLOE | DMy | 00000 | GELHSL | 0ege | 06sE0L ol oLo
[EI9T] B0LEE sg20 | s597y | eLss 3 y ; ‘ ’ :
£Ze° 42 i
E26'94 "
£26°9/
[ONdN% | { a




W T AN )] - _E._.:a_.axmé = s>m .?uIE ;N_E.a_ >m {9 105 ?"_.FE,EA;.E.:WE = =_>x (o), IPANEY - :aix._z :.au_ o
(HN™a- SR E-;.._B_ DLMEE0 g0 L 0= "dPUE VY PUB Q| PUEEL 'O’ =4 0Z0-000="4 €} DPUES0 D 110} |

oo onnn OG0, oonc oSz | heene &...5__: mm_.m.wllooowm._.l A ZLL &) oZn0 ] ool £L10
00010 00010, 0001 D000 00087 1 oabig | crenl | aeszt | oonezr | gaget | sagpll £L 0z 00°L 210
o000 oann oann I1e ox1) 00067 | ooobkon | ogreniol 00 | OOSTL SRl P LL nL 020 on'L 2L
0onT OO0 oo DONG g/l | meeZ? ) ovnry | Zoss | osbarnel | zalel | ozeieie &) TR Dol £10
D01 0 0000 2000 Ap9ts | ARERZ L GbOIZ | O IZDED [ sbaaly | o pvniwl | oenbLL £l gt'0 oL £t
0000 000D oao'n 0oo'n 097) | epeZZ | GW/F | O0OND | Jbaull | sbabl | epgill az LD o0l £1°0
o0 D000 noon DO0D BLLAL oD | pege- | seeetl | o(yLcbL) y | SMR'FLL gL oL ool 210
o600 an0na ona'a oA LiLLL DOON'G | LLERP- | SRS | LELIAL | 46wl | £ebLlL £l oL o'l LD
D000 0N aona o LLLLL oo | eleses | podon [ o4itcill K | etepLL ol 0L, o' ;
0000 000°D oo 0OG'n . OO00'D A | BEEG0 | PAZSOL | FObBE | enpwll i SOD ot £10
Donq o o' onaa £97°5 00000 | BEIQE | onsZy | pazanl | Z/9vl | Ziawll £ =1 )] 0oL £10
000 pona 000°0 000°a sazs | nooon ; 00000 | POF'GEDL | PhRFL | Ebabli ol 500 on'L LD
oneh oo oo [y ead] 0000 00000 | STPRwL- | DOO00 | Doooal : | EPEPLL ol 000 ool {5 s}
000'( D00°0 0en'n [ATRT 2I272 | bLbZIL | bob6E? | gale? | gooeet | eEb L | epbziL 93 020 1 o080 i £
o000 000'a k LiLLb BILJE | PIbZ UL | VOPREZ | BEsZ) | GROREL ! GOG'EL | SO90CL) £ 0z'n 05D £L'C
000D pooo | ospo LELLL BLLZ | piPZUY | YOPEEZ | 0000 ! BRRREL | SHEPL | SePLL ol 0Z0 068G 210
000'D 0000 ; ELLEL | ROS'BL | 0E007L | LAy | oZosse | BLsDRL 1 Zoret | erelp 8 SkQ [v. A1) £L0
000D o007 SH0°q LELLE SOEL | 06007 | $os/GL | LZOG'G | GL708E | obOwL | ObQbLL £ S0 080 £10
oonp 0000 SR00 | bLiTLL go9GE | 06907 | v9/261 | oo k L EPERL | EbEpL) oL SLD 08D ELD
0000 000°0 0600 PILLE | SPEZ [ gosee ! £blsg e | eber) | eoowt | eogelt N} oLy 060 £10
0000 0o0°Q 060°Q FEbLE | Q060D | EPIS'D | JAOG0 | JGPEZL | RISV | ekl £1 OLo 060 €10
0000 0000 0800 BLELE SreEZL | @osp9 SR | 00000 | febeRt | epebl | epebLL QL 0:'0 _OB0 Ly
00 0000 | G600 BLEEL SeS [ WZLL 1 col0Z | 86ec’0 | FoE'Skl | 0OBRL | ROBYLL N} SO0 | 0590 £1D
000D 0000 £60°Q LEEEL g LPELL | GOI0Z ! S0/Z0 | esealy i Z2owl | zropit £l S00 k £41
0000 0000 | bhidL ¢eg 1 LeEll SSL0E | 00000 | £969LE | €bEvL | SbEPLL [+2 ) 00 060 2L
Q000 0000 0o [N 200D Q0000 | PIEST- | 00000 | VLIl | OEPRRL | EPEPLL oL 000 060 £10
| €0E°0% 1I52) 0910 | 00052 | QEZ'Le | ®oRp'er | Grofty | QGE961 2 e2b2t | €26 7L a’l 020 020 eLg
| SZESh LEEL) EEEEEEE%E% £l 020 080 £L0
0EZ0b | 2500 0910 o00eg | geZie : SIOELb | 00000 | 052961 | £repl | EEedLL [¢3} 020 o2 )] L0

| __ 166y | Gpall [+7 1 §1] 000cz | 6802 | veeptZ | eolge | Z064') | 650wl | zoher | Zopell 2k gtQ 09'¢ gL
| BEQEP | 0960L | Q40 o052 | 6502 | IeRglZ | BOLITE | 1060 | ec0ii [0 1041 ool el 510 080 £1Q
| Q€20r | 950wl 0210 DOOSE | 60072 | 1eegtz | £o1bee | Q000G | esouer | evepl | everle o) GLD [1:20) £1°0
| S8 v bSLEL 08LG | 000ST | eogwl | dIPSUE | vopeez | seel) OERBEl | GOOEl | SORTELL a1 ] _080 ELD
| 60sTp | szool | 020 | 000SZ | eeewh | wiv2v) | poveee | Je9se | | 6Rg'eel | /e | erevil £ 020 £
oeZop 5001 osLY 00062 | Se'EL | ¢IpZAL | POPGEZ | 0DDOO 9EL | £8P | SVETLY ol ;i £L0

G3ETH 46504 06LO | 0009z | er59 JEPSTL | poeoot | e6e50 | 62671l | eorbl | coveLL 51 | __og0 £L0
FAT-RR S2E0L 08L0 _| Q0062 S50 | jerovr | teeval | 00420 | 66181 | 229%L | ZigWLL £ [1,:41] gL
| _oezov £50°01L 05t 00052 BL59 | JEPOTL | pOEO'Gl | 00000 | GI5IEL | £88FL | £PEFLL [X o1 4] €10

oL
T
L0
500
500
00 |
000
PLOLL | VEVOE | OWE'0 ; /98Ty | YIJ'SE | Z2e9SE | 6929te | emlGe | 1isellL | eeezl | tevell | ol 00 0L0 ELD
920
@0
510
510
510
0L 0
aLo
010
500
500
500
000
3

OEZ0¥ | 9500 0020 | 0009z | 0000 [ 09r0B [ S/GO0L | 0000C | OUOSEEL | cbebl | ev6oLL oL 080 £4°0
| 0199 | 62167 1, 7401] 4992y | wliee | 7zeoce | esees | ewszy | Ljewsl £l | €93¢ll €1 0.0 £L'0
$¥EL'Ga SI16/Z | ovZ0 | Jjoegk | #1LGe | 2ZeocE | 6029 00000 ! si5ely | ovepl | ergpl oL LD £

0L0 £t0
7 Ns] 1 1)
0i0 £L0
040 1 Xo]
DL0 ELO
oLe £10
0L0 £L0

LLE'ES SCLBE S52°0 1682v | DIZSZ | g609°1E | /b2L'SG | 206771 | s90RIL | 2SLEL | ZeielLl a9l

BEZ'4G 41882 5520 L5872k OtE'sZ | 2609'\e { SP2L'EC 12080 ! /50091 | ObO'bl iz 1Y £
b ] SLELZ 5520 L1582 OlgSe | 26001 | spZ1e6 | 00000 | 28099L | EpBdL | EPEPLL o3
08119 062 v I L5872 €18°G1 298542 | 9/eier [ JeEL) | OBJASE | 609'EL | e0RELl g
£9b'98 bl 7 020 L59%p £48°6) | ZO9GJ2 | 9/Q/'%p | JBES0 | OBLASL | £/EbL | CICTLE £l
¥EL 'S8 SIE4E DLEZD 2687t £L8G) | ZOBGUZ | 9/8SEF | OODOD | OLLBSL | ere L EbErLL ol
PEE'S9 i G820 L1582 =154 ZEI6EZ | VEEL'SE | BAES0 | oJE'05) | EobbL | £OVFLL g1
59465 59152 G820 L5082 Bi57) ZEOGEZ | YEEP'GE | 90JEC | DIEDSE | erovt | 2i94Lt £l
YELSS SLELZ 5820 4592 ]2 ZESSRZ | vESPSE | 00000 | SIE0S5L | erebl EFEFLE oL
PEL G SLELT o0EC L58°EF 00g'0 ZO¥S6L | ovtele | 00000 hmmdv_. ErS bl EEbLL al

AN [ AN 50 [ ™A [ A [*AGN% | PASN | z>n fs I I

C O

0.0 £10
0L D €L0
0L £L

] Rl




£I8G°L CORZRIL | EQIVEOL 1111 9180 PRO'0 EEER0 0080 oren ELaG L 0s9 9L oLg B0
ZI0ETL £90/°7b1 | EOLLEOL [4]¢] 8 910 o010 £ERR'A O0R°Q Oreh | Z2081 L% 4] 11 N I 1] B0°0
LLLLL SOOE°LZL | £0LLAROL i a18'0 #2800 EEERD 0060 | abgQ LLLLL Myl 09 DLa _&0°0
£2897) 9GP e/ | ORBTROL [114] 1 G160 ge00 hoaea il 080 oS80 £2896°) 00 oc'h H 0] 6800
ZIDEL CEOR 2yl | i oGk SIB0 | SRO'G | bbRO 11,5, %1]) 157K Zine’L S8 0e'L oLrn B0'0
LELLL 6728V LZL | ORRZ'A0L 17 SLED S80°0 FEbE 0 00R"0 4,5 1] Lidli oot 051 oLg 80°0
£78g°) FEAQ'ELL | ZEOVEOL [14] 3 PLED 800 955610 0060 oo £96°) [T 1] o¥'L i.’0 60D,
ZIOEL | SRLOEPL | ZEOMAOL; ool FLED 880°0 966670 0080 oosn | zroey S50 o'k oLn £0'0
LLELTL | 8805°L7L | ZROPEOL | 0l p18'0 980°0 95860 o060 | 0og0 1Ll 0oL or'i oL 60'0
£/ES1 9958°8/1 | 0625'60L [1+]1 ER60 | /000 | 29960 00670 D80 £L89G°L 020 0eL oLn 600
ZIOE'L | ZS/uepL | (6ZEe0Lt ool £16°0 800 | /909870 0080 g | zioe'L 580 oe't oL'D 60°0
1Ll 9171 | 06Z5'60L | ool £168°0 180°0 L9980 0061) 080 LLLL 00'L 0L aL'o 0o
£/85°L | 7ov0'p/) | LGPOEOL| 001 ZI6N | 8800 812670 0060 0 | eseqy 00 0zL 0L &0°0
ZIOE\ | ZZEE'evi | 16PEE0L | 0O 2160 geos | gren [s101+30) 0| 08 s8N 07l oL 60°0
LELLE | $ZERVZL | LEEO" [T 2160 88070 BLI6'0 0060 | 088D LLLL 00t 0zl ar'o 800
£/85°) | BsETVML | SBOL60L | _ oob LLE0 6200 | 69960 0080 0| €90 00 at'y oL 500
Z027) | SRaperl ; 00} 1160 680°0 | 4R850 G060 | 0680 | Zs08L | gRQ oLk 0L 600
ELLEL | LOO9E'LZ) | GROS60L]  oOY L0 | esoo 68860 1 0060 ¢ ORRQ bit) 00'L oL 010 60:0
€851 | 92¥°bl) | LOGE'BOL | Q0L oe0 | o600 00007¢ Q06°0 0060 | £/951 00 00t 0L )]

| 2/06') | Z2pbo'ebt | LOBE'ROL ] 00l 0180 0600 0000°L 0060 00680 | Zio8L 580 0oL org 800
bLLLE | 100L'Z2) | L063'60L | 001 0LED 0B0°0 000071 0060 005°0 L) oot oL 010 60°0

| BEQG'L | SEE/'POL | 08YG'B0L | _00L £16°0 2800 | _ 806D 0960 0250 05°E 000 0oL 50°0 60°0
| vBEC’L | 1E99'SEL | OOPSROL | 001 £160 480°C |  v896°0 0S60. | 0260 | p9E2L | 580 09t 50°0 60'0
| 92501 | JELESIL | 08YG'60E |  0qL £16°0 £80°0 ¥YRO60 | 0560 0260 | 9250°L 0oL 0L | 50 600
| BE0G'L | S6ITFOL | S8P0G'6OL] Q0L 260 | 8800 18460 0860 SZ6'0 | 8cQg 040 08} | S0 60°0
PBEC | OCELGEL | SBYOO'BOL| QO ZL60 | 9800 1816°0 X G260 | tREZl 52'0 0g'L 50°0 600
9250°)_| seie'Grl | w0960 op 21870 880°0 18160 09670 | 6Ze'0 | 92507 o0'L 0g'L 500 60°0
8E0S°L | 6VO6'¥OL | 82169601 00L ZLen B8RO0 | _ 6860 05670 0£6'0 | geosL 040 orL S0°0 60°0
VBEC'L | LYOB'SEL | 87109601 001 2160 880°0 | __ 68460 0560 0860 | PRETL 680 o¥'L 500 60°0
S2G0°L | SEEPSIL | 9/L9T'BOL] 00 FATRY 880°0 681670 085°0 oge'0 | g2sol 00'L or'L 50'0 60°0
BE0SL | 90667491 | LJBLIE0L]  0OL LLB'0 | 6800 ZrBED 0560 SP60 | SEOS'L 0L og’L ) 800
YREZL | 9v/8'SEL | 27812°60L] 0Ol ilB'0 | 6800 ZHE60 0560 SE60 | ¥8EZ') 58'0 081 500 60°0
9260') | PEAPGIL | /817801 Q0L LLED_ | 68070 ZvB6'0 056°0 SE6D 250°L 0o'L 0L S0°0 60'0
BE0SL | v¥9/0°59) | €BGLL'60L]  OOL 1160 880°0 S686°0 0560 Ov60 | 8E05TL 00 ozt $0°0 800
PRETL | EGYA'GEL | €8677°60L] 00 11670 680°0 S686°0 0560 060 | ¥ReTL §8°0 gz L $0°0 60°0
9¢50'L | SESS'SHL | £BS2/601 QoL L1680 680°0 S686°0 0860 0¥6'0 | 8250 00'L 0z S0°0 600
BEOS'L | £291'591 | ¥6ZEB'B0L]  0OL 0160 0600 4660 0580 SHE0 | 8E05TL 040 oLt 50°0 600
VBEZL | OQLO'QEL | ¥6ZES60L] 001 016D 0600 IvB80 0560 SPE0 | pREZL 68°0 oL'L S0) 80°0
9250} | SELO'SLL | ¥62ZER60L] Q0L gLe0 0600 L166°0 0560 $¥6°0 | 97501 00'L oLd S0°0 60'0
BEOC') | £8KZ'GOL [ LLOGR'EOL|  00L 0160 060°0 0000°} 0550 0860 | seos’t 0L 00'L S0°0 600
YBEZ'L | BOBO'OEL | LLO68'60L] OO 0160 0600 0000'L 0560 0S80 | $8cz) 58'0 ool S0'0 800
9250°L ; 8e/9°G1LL | LLOGR'EOL]  OOL 0160 060°0 0000°4 0560 0860 | 925074 00’ 00'L 500 600
882+'L | BSBE'GSL | LLOGT'E0L] 001 0160 0600 0000°} 0001 0001 o8zvL 020 00t 000 600
S9/1°}L | SZ9T6Zl | LLOGE'SOLI 0Ol 0160 060°0 0000'} 000°k 000°L | S9i1L S8°0 00t 000 60°0
0000') [ LOBY'GOL | |LDGY'60L] 00 0180 0600 0000'L 000'} 000°L | 00001 00’} 0oL 00°0 600
At I I O T T T T ) Oy} [P [ ] b9 |y 3 A

001 40 SNIBA POZIBLLON S 1 POXI 81 PA BIBUM 9SED QU JO} U PUB 54 Mg MRy g iae s udemag sdiysuoneiay 'qg sjqe )

@

PN

W,




s/ | eeoeeRt | seeze0) | 0L | vzmo | sz0m 005570 o0 | ose0 | seeri | oo 09'L 0z'0 BN
SOt L z 7 [ JE£8Z2°801 o0t rZeo 20 ones'q 080 | 0een 2071 S80 0oL 20 600
00SZ') | obSe'efl | JERZ'ROL 00k _FEan 22010 It 1,541 [1.1:141] [).212 40 DOGE L o'l 9L NZ0 600

L /SR Q9ER'PEL | ZRLG onL 1260 64070 0580 [04;2 X1} 0020 _IS8L°) 020 0,54} 0z &0’
S0, JEEORGL | ZePoany {1,413 LZS0 840 10,574 4] 0080 0020 90} SaY) (4,5 3 0Z0 [314K1]
00671 | ZGROGEL | ZOebSROL L111]] IZED [ 62000 05480 0080 00270 OOST L o144} 5] 0z'0 B0°0
S8/ | onie'vel | eelgreoL ] oot BLE0 | (800 000R0 0080 | ozzo_| seer) | orp op'L 020 | 600 |
o0/p) S0Z0°'091 | RELE'BOL 00t 6150 +80'0 00080 o080 0ZL0 a0y S0 or'L 020 6070

| 00SZ'L_| v/LOORL | BEIE'R0L | ool BLEN | 1800 0006°0 0080 | 0z | 00szL | o0l ¥t 070 60°0

| /SR2°4 | S/8/°961 | GLRO'GOL [ QL 460 | eeg | _oszRg o0g0 | opro | sceri | osg el 0z:0 60°0

174 A ZELY09L | OLROEOL [4]¢] ) 21670 £20¢ D526'0 0080 Ori0 | 9L | G870 1} 1 0720 50°0
| 00SZ'L | ZLSCOeL | OLBQ'G0L | 001 60 | £8070 05260 0080 | owo | ooszy | ool 0E'L 0Z'0 60°0
| 2982°L | 997'Ga} | g ool | <160 | oego 00S6'0 0080 | 0020 | sogsk | oro 0z'L 0z0 60°0
| 90/} | 608094 | ¥EYEG0L |  OOL §16°0 ! 00960 | 00RO | 0940 | s0svL | gm0 0z1 0z'0 60°0

00SZT'L_; J999°9cL | wevE'sQL | 0oL SIE0 | oggo 00560 0080 _| og9ro [ ooszt | oo 0Z'L 0Z'Q B0°0
| 2584°) | £8b/G6L | 1619°60L | 001 Z16°0 y 0560 | 0080 | 0820 | /587) | 020 oL | 020 60°0
| 90/v°L | : BLOBOL [ _ 0L ZLE0D | 800 08860 | o000 | 08s0 | soiv) | oe0 oLl 020 60°0

. 00S2'L | BE20U/EL | 1619600 | 001 ZI60 | 8800 05460 0080 | 0820 | 0082k | oQL 0Lt 029 | 6000 |
S84 | £26Z'06L | L0BSGOL | QoL 0160 | 06070 0000°} 0080 | 0080 | se8.1 | 0s0 00t 0Z0 B0

L 90/¢'L | 1E09'19L [ L068'60L | 0L 0160 | 0800 0000} 0080 | 0090 | oosvt | ggo 00l 020 60°0

0062} | OZ98'/Ct | 106QGOL | 001 060 | 06070 0000' 0080 | 0080 | 0oczL | 0oL o'y 020 600

_2089°L | £5//281 [ £182°801L | oo 0280 | 0800 | 1680 098'0 | 090 | 208%) | 0s0 09't 510 600

| _LVBE'L : 802G°0GL | £167°80) [ 001 0260 | 08010 WES'0 | 0680 | 0920 | tpeet | sgQ 09'L 510 600

L S9/LL | sZvE/Z) | £162°80L | o00L 0z60_| 080°0 L4680 0580 | 0940 | s9/1'L | 00t 09's §1°0 60°0
L089't | SLBD'ERL | ¥BEGBOL | o001 8160 | 2800 211670 Qeg0 | 420 | g0l | oso 0L S'g 60'0
LbBEL | 2182051 | pEEE'ROL | o0OL 2160 | 2800 81160 0580 | Su'0 | ives | se0 05l 510 600
S9LL°L_| O¥OL'SZL | bBEE'80L | 001 8160 | 2800 81160 0580 | Sir0 1 591 | 0oL 05t 510 60°0
£089'L | Be0v'eRl | e9ziBoL | 0oL 9160 | 800 v6260 | o0sgo | 0620 | s009°L | 00 ov'L 510 60°0
L8E'L | 9Zp0°LSE | £821°80L | 001 60| #3070 62670 0580 | 0640 | itgel | 680 oL 10 60°0
S9.1'L | z98E'BRL | £821°60L | 001 9160 | ¥800 6260 0sg0 | 060 | oo/t | 0oL o'l S0 60°0
L089't | €/zre8i [ 2216601 | ool 5160 | 6800 LIVE0 0680 | 08¢ | s089'F | o0s0 0€'L 510 600
LPBE'L | BYOE'LSL | JZ1E60L | 0L S160 | 9800 LIPB0 0980 | 5080 | .v8EL | om0 0€'L §1'0 60°0
S9.L | 1609°82Y | 2218601 | 00) 5160 | <800 LUYE0 0S80 | 6080 | co/l't | o0t oE'L 510 60°0
2089') | B9v0'¥GL | 60660t | 001 £16'0_| 48000 19680 0580 | o2e'0 | z089't | o0 0zl 5170 66°0
IWBE'L | 0B9GISL | 6406601 ] 0L £160_| 800 1v96°0 0580 | 0280 | Iyect | oe'0 0zt 51°0 60°0
S9/1°) | 9208'62L | 60660 | 00L €160 | 28070 L¥96°0 0680 _| oOTB'0_| 99/ | 00 0zt S10 | 600
L089'L | G/9E'PBL | /869'60L | oOL 2160 | 8800 28670 0sg0_| 6e0 | 2089t | o0s0 oLl 51°0 60°0
L¥8E') | OZEQ'LSL | J969'60L | 004 2180 | 8800 2860 0580 | G680 | 1t8EL | se0 0r 510 80°0
S9/L'L | Z/S0°62L | _£869°'60L ] Q0L ZI60 | 8300 2860 0580 | oes'e | sos'L | ool oLt G510 60°0
L089'L | €689¥8L | 106960 | _ 00L 0160 | 0600 00001 0580 | 0980 | ;0891 | 00 00t 510 60°0
LYBEL_| 0260725 | LOGB'BOL | 00l 0160 |_ 060 0000°L D580 | 0580 | 1ve€L | Sgo 007t 5170 60'0
S921°L | S28Z'6Z1 | 1069°'60L | 0OL 0160 | 0600 0000'L 058°0_|_ 0S8'0 | 6911 | 00 00’3 510 50°0

e RN R [ [ (a5 [ a9 oy 3 L

O

TN

L




£i18G°L GRPAORL | SROSELE Q0L B810 LZL0 EEEH0 &1 X ] OrR'0 i8St a0 aa'l L0 £1°0
24081 ZB9'8%F| | BR0AELL GOl BED LELO £E080 0060 a0 o20eL [l )] 091 o010 £1°0
LLEL"} Zrebazl | aa0ecLL 001 8180 1710 ECER {060 _oea'n LLEL"L 001 09y 1] A4 ] LD
£8571 £ 080 | ZOBKRELL oqlL a0 £2L0 i 0 0060 QeR'0 480 L 0 5L aL{ L0
ZI0EL | SFLO6RPL | ZO8BELL 001 2180 eZL'0 PEMED | OGN 06880 Fef L1 5 N [l u] 05| oL £L0
LLLL"L +299'971L "Lt oot 180 £2L°0 60 0060 0S80 LRELTL 00t 051 [rIMi] £1°0
|_£285°L | SPZILSL | ZPRLRLL i /80 | TAR] 2,7 Q080 gogn IR0 oo oL 40 EL°0
ZHEL POSZ6PL | ZPRLPLL [1v]3 Q90 $ZL0 S0CED 060 [1:2.7X1] SO L e8'a 11 QLo £L 0
BEEL"] PLI29Z) | ZERLPLL COL &/8'0 ¥ZL 0 9GS0 0060 Qa8 0 LEEL"E 18 a¥'l oL £L0
£/8GL | ZHYCLOL | BZIEPLL | 00l pI0 | _oz1D J995°0 006'0_1  0/80 | gs881 | or0 ne'L 0L0 £1°0
zz08'L | 0/00°6bL | 6228411 ) 0oL vI20 | _ozi0 19960 0080|080 | z/06L | san 0g'L aLo £1°0
LELE'L | OLBOUZE ] 6ZIEPLL | goL pig0 | ozig 199670 0060 0280 | i) o't 0L oLn £10
£48S°L | ObbaLRlL | 17oSkLL 0oL eI80 | 4210 B//60 o060 | peen | sseq 02'0 nz'i oL £1°0
2208y | bpGr6bL | 1296'b1L ] Q0L £I80 | /210 847670 0060 |_ 0880 | Z/ogL | <pD 0z'L oLn £1°0
WL | Z082 2L pee | oo £290_| 210 277670 006'0 0880 | 1EMEL | 0oL 0z} oL0 £1°0
£299'y | 0ovi'zel | ozssvil| oo LI80 ) 68860 0060 | 0680 | elec) 040 oLl L0 £1Q
ZioeL | 9zoooge | ozesvLt | oop LIg0 | ezig 69860 0050 0680 | zz08) | sg0 oLt 010 £10
|_LLbby | Zz0874z1 | ozssbiLl oDl 180 | 6210 8886°0 0060 08970 | i1t} 00t oLt 010 £10
| £285°L | Gert'Zel | szee il | oot 080 | 0£10 0000'1 . 0060 | £s89t 0LQ 00'L 0L'o £1°0
_2202°) | 2187061 | SZvEbLL | QoL 080 | 0810 0000t 0060 006'0_| 22081 | 80 00°1 0L'g £L0
1L | BEL/ZL "PLE | ooL 080 |_0gL0 0000'L 0060 0060 | LLLLL o0l 00t 010 €10
|_8c05'L | 1¥e02/1 | Z2obwLL | ool 2420 | 9210 PRO60 | 0860 [ 0260 | 9806 020 09t S0'0 £10
| YREZ'L | ZS/OVbL | JZ0¥bLL] 00l ¥I80_| 9210 Y8080 0960 | 0260 | pBEZL | og0 0oL | 500 £1o
| 9250'L | sg26'0zL | Zz0b'¥LL| ool pI90 | ozi0 96" weo | ozen | szeoL | oo 091 50°0 €10
| 2205 | 8891221 | £z6vpLL | ooL €480 | Jz10 18460 0860 $26'0 L 00 0L 500 £10
] bl | SzetvLL | 00y £480 | J210 18460 Q60 | 5260 | weezy | &80 051 GO0 £10
9260l | 281G°02) | £26¢FLL]  OOL £48°0 | JZ10 1€26°0 056" s260 | 9z50'L | 00') 05’} SO0 €10
880S'L | BE0EZ/L | LZBSPLL | OOL £/80 | /710 68260 | 0560 0860 | geos'L 020 o'l £0°0 £10
YRET'L | £/6R°1bL | ZRSbLL | 0oL €80 | 2210 62160 0660 0560 | veezL | S0 oL 00 £1°0
9250'L | /219°0ZL | L29S¥LL | oQOL €80 | zz10 68160 0860 | 060 | 9gsgt 00’ or'L 500 £1°0
8E05°L | 16CP'Z/L | 02290kl 0OL z180 | gzi0 2ve5'0 0560 5860 | ecog'L 0L0 oLl 5070 €10
YBEZ'L | 98002hL | 0ZLO¥LL| OOt 2/80_| ®9zL0 2v86°0 0S60_| G860 | veecL | 80 0L 50'0 £10
250’y | £20/°0ZL | 0zz9vLL ] 00L Z/80 | _szL0 Z¥e50 0580 SE6°0 | 92001 00l gL 500 €10
88051 | Sy/STIL | 0Z9sbiL | 001 180 | 6210 5686'0 0560 OV6'0 | e£0c') 020 0z'1 500 £1°0
Y8EZL | 10ZLZbk | 0294 bLL | 0OL 1480 | 6210 c686°0 0560 | OP60 | 88z | o870 0zL S0°0 10
9TSO'L | L208°02L | 02927il| 001 1180_| 6210 $685°0 DS60 080 | 9700t 00°L 0zt S0°0 gL'o
8605'L | \OVIZZL | 2258'biL | 0OL 180 | 6210 14660 0560 | sve0 | sE0S) 040 oLk 500 €10
YREZ'L | QIEZ bl | 2258biL | 001 180 | 6210 P60 0560 S¥8'0 | ¥BEZ'L | 680 oLl 500 £10
9250'L | L/68°0Z) | Zzsevil | 001 180 | 6210 V660 0560 5660 | 9z60't 00°} 0V 500 €10
8E0S'L | 656822 | CZeblL | 001 0/80_| 05L0 0000t 0560 | 09560 | 8£05) 0L0 00'L 500 L0
VREZ'L | JEVEeyl | Seve¥LL|  00) 080 | 0£L0 0000’} 0860 0S6°0 | v8cz'l ©9°0 00'} S0'0 €10
9Z50'L | 12661021 | SZvE'bil | 00} 0/80 | o050 0000'L 0560 0860 | 8z50't o0k o'l 500 €10
982¥L | 9c0ZvOL | Sevevll | 00l 080 | 0EL0 0000'L 000t 0oL | gezv) 020 00°L 000 £L0
§94L°L | G9ZZGEL | GZv6bil| 0Ol 0480 | o0£L0 0000'L 000°L 000'L | Sail't 580 001 000 £L0
0000'L | SZr6¥ll | Szpebll | OOL 0480 | 0£L0 00001 000°L 000t | 0000'L 00| 00’1 000 €10
WAl ta T ag [ PA | Py [ ™ [0l &aa) [eoray) Sl Y Wy | My 1y

®




{£1°0 =) 147 10 060°0 =) "7 Jepe

1GR1) | SYCHOGE | JZZbELL | 00l 5 LILO_ ¢ onegn o0 0G0 16821 020 0aL az2'{ £10
90/¢L | QIZECQL | 2ZERTLL ool RS0 ELLD) 00sa'n - 00R0 | gRao 001 Ge'0 (112} N 0Z:0 £10
00SZ°L | YRZGOVL | 1Z75°71) a0l _068:0 | LIL0 00580 ooR0 0890 10,7403 0oL 0oL 0z £L'0
G827 | DIAK'ENZ | NGER'ZLY 001 9880 ELLO 0648°0 0080 oo 17l 010 05 L (174 £1'0
o0/ | BEER'CYl | eREZLL a0t one0 ¥LL'D 0880 ons0 000 Wil 680 (1,7} 0z'0 £1°0
DOSZ°L [ eV LbL | ORERZIL 00l _a880 PLi0 08180 ooeo_ | ooso (00,7403 0oL ek 0zZ'0 £L'n
28B8°) | 9287707 | S0SZELL [114] £88'0 AN, 00080 080 | pzza 158201 00 oFL (17401 £L°0
S0JF°L | SbbS9ol | £OSTSLL 00l £25°0 FAEN ) 00060 0080 i 0zZr0 NipL Sen (1]} 0z £L0
Q05Z'L | 6Z9%°i¥i | £0SZ'ELL 0ot - FIAN)] 00060 o080 | 620 40,7403 oL 4.8 } nz'0 £1n

| ISBSL | /6267207 | JBOGELL 118 " 0z10 06Z8'0 (1,0:1)] (1, 741] Pl 7 0:0 oL 0Z'0 £1°0
| 90/b') | @RGL/OL | JROOELL [14] } Q88D 0ZL'0 Q92680 | 0080 1] 741 /L | S80 | og) (1741 £1°0
| 0092 [ BSROZYL | /8OO'El) (+]¢]1 085°0 [1FAN0] 05260 0080 Orl 0 poszL oL 0gL 0z'0 £L0
2882 | vEes | _JOEDYLL (1.1} 80 $21'0 00860 0080 | 0820 ; JoRlL 04'0 0zt 0Z0 £4'0
B0 | 96277001 | LOGORLL [1]+]8 2280 cANY) 00S60 | 008N 0920 20/°L G880 021 0z 0 £L'0
| _Q0SL | /Z19TF1 ) EOBOFLL aql LIgD0 ¥Zi'0 0SB0 0080 0920 01,74 8 00t _0z 020 £Lq
2SBL°)L . LELS P 001 £28°0 2210 05.6°0 0080 0840 | JoRM) QL0 0Ll 0z0 £i0

| 90/¢°L | OpOP'8SL | JELSPLL (1413 £48°0 210 05280 0080 | o080 0IFE | 580 o't (17401} £L'0
QO0ST't | PEVL'ERL | JPiSELL 001 £48'0 2210 0546°0 0080 08L0 : 0Q0STY 001 (1]} 0Z'0 £10

| 58S [ GPGZSNZ | GZPEPLL [4)4]3 080 i 0OfLQ 0000°L 0080 | 00B0 | sS87) QL0 ol 020 €10
| 90LP'L | LEEQ'E9L | SZPEYLL o0l 0480 QEL'0 00003 0020 | goR0 90FL ¢ S90 o0l 0Z0 £L0
(1,174 | " | STPG Ll [4]¢]8 0290 L1 Y1) LN ) 0020 0680 | 00S2'h ao't oot 029 gL
. 20891 GLZL'06L | EZSLELL 1,11} ¥88Q gLL0 WE8'0 | 0S80 090 | joeol 0.0 _09 SL'D gL
F PRET) | ZZI90GL [ €7SLEL) [vs]8 880 9110 L¥E8'0 0580 092G LPRE L S8 091 SL0 ELD
| 59701 | €QZL'EEL | £2G1L°ELL Q0L | ¥88°0 811’0 L5830 0580 | o9l o S971°L 0oL 0g9'L GL'Q £L°Q
10891 | 6999°06L | 89tFELL (1[4] 18870 6L10 8L160 _oss0 SLI0 0891 040 Rregt §10 ELQ
LBEL | S6IL0°JGL | 89PFELL 001 1880 19X} 81160 058'0 L0 LWBEL 580 05y gLo £1°D
S941°L | BOOP'EEL [ 8OPPELL 00t 188°0 6110 BLI60 0580 §12°0 S9/1°L 0oL 0sL 510 £L'0
L089° | PPOLTIGL | SERLELL 001 64870 LZL'0 ¥626°0 0580 062'0 2089°) 040 ot S0 £LQ
L¥BEL S6CF4GL | g2kl el [ev]8 6280 L0 ¥626°Q 0580 0520 EREL S80 o'y S0 €10
SOLLL | ISIREEL | STELELL [1;3]] 8280 1ZL0 8280 0580 0840 S9/1°L 0oL o' 510 £LD
L089°)_ | S¥99°L6L | YOPOFLL [++]8 2480 £21'0 ¥4 -00) 058°0 5080 2089°L 0.0 0L 510 £L°O
LYRE'L | vIPRISE | $OPOFLL 114 1280 €210 LipE0 0580 s08°0 LBEL 680 0c'L SL0 EL0
S9LLL | ZSOLPEL | pOROELL [¢]+] 4480 E2L0 L2460 058'0 080 SolL°L 004 og'L S0 £Lo
2089°L | £/01°26L | SBECVLL 00l S/80 SZL'0 1960 0580 (174121 2089t 0LD 0z'L SE'0 £1°0
L¥Be’) PSGTEGL | SEEETIL 00l S48°0 aZ10 2¥968'0 0seD 0280 pee’L S8°0 0z 510 £L0
SHLLL | LAISPEL | SBEEHLL [4[i]] 580 gz1o LP960 058'0 174 1) S921°L 00°L 0z'L 50 €0
L0891 | [2I9°T6L | ZOVOPLL 00} 2480 8240 ¥296°0 0380 G£8'0 20891 040 ol’L Gl £1'0
MREL | 9119951 [ Z0bOELL oot 2i80 8210 vZ86°0 058°0 CEQ0 LBE'L 580 oL 510 €10
59.1°) | 60J8°¥EL | ZOopOvLL 001 2180 8210 +286'0 0580 SE8'0 897171 00'L oLt 510 £L°D
L089'L | 1081'E6) [ SZHETLL oot 0i8°0 0EL o 0000°L 068°0 0se0 2089°L 040 1,148 Sl g£Lg
LPEE’L DOBO'6SL | Sebe'pLL 1,418 0280 0ELD a000°'L 0580 0580 L¥EE’} Ge8'0 00's S0 ELQ
€0/ SOZTGEL | SZHEPLL 1111 0280 | 0gL0 0000°E 0580 058°0 GO921°L 0oL 00k SL'0 €10
e T I T T T T P53 5 [P [t [ g ry |y 0

O O @,




Appendix of Figures

41




O

O

1Q0(LRinfw/LR—1)

Figure Sa- 1, Percent decrease in infiltrated water leaching requirement relative to model leaching
requirement, in relation to tailwater fraction, taitwater EC-ratio and model leaching requirement
value.

LRiw/LRinfw

Figure 5a- 2. Ratio of leaching requirements relative to irrigation water and infiltrated water, in
relation to tailwater fraction, tailwater EC-ratio and model leaching requirement value.
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Figure 5a- 3. Percent decrease in irrigation water leaching requirement relative to infiltration water
leaching requirement, in relation fo tailwater fraction, tailwater EC-ratio and model leaching
requirement value.
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Figure 5a- 4. Delivery water multiplier [N], in relation to tailwater fraction, tailwater EC-ratio and
O model reaching requirement value.
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Figure 5a- 5. Percent of required infiltrated water relative to irrigation water, in refation to tailwater
fraction, tailwater EC-ratio and model leaching requirement value.
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Figure 5a- 6. Tailwater volume, in relation to tailwater fraction, tailwater EC-ratio and model
leaching requirement value.
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Figure Sa- 7. Percent tailwater relative to irrigation water, in relation to tailwater fraction, tailwater
EC-ratio and model leaching requirement value.
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Figure 5a- 8. Required volume of deep percolation, in relation to tailwater fraction, tailwater EC-
ratio and model leaching requirement value.
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Figure 5a- 9. Beneficial volume of tailwater, in relation to tailwater fraction, tailwater EC-ratio and
model leaching requirement value,
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Figure 5a- 10. Percent of beneficial tailwater relative to irrigation water, in relation to tailwater
O fraction, tailwater EC-ratio and model leaching requirement value.
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Figure 5a- 11. Percent of total drainage water relative to irrigation water, in relation to tailwater
fraction, tailwater EC-ratio and model leaching requirement value,
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Figure 5a- 12, Percent of beneficially used drainage water relative to total drainage water, in relation
O to tailwater fraction, tailwater EC-ratio and model leaching requirement value.
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Figure 5a- 13, Percent of beneficial tailwater relative to total drainage water, in relation to tailwater
fraction, tailwater EC-ratio and model leaching requirement value.
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Figure 5a- 14. Percent of beneficial tailwater relative to required deep percolation, in relation to
O tailwater fraction, tailwater EC-ratio and model leaching requirement value.
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Figure Sa- 15. Volume of non-beneficial water, in relation to tailwater fraction, tailwater EC-ratio
and model leaching requirement value,
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Figure 5a- 16. Percent of beneficial water relative to required volume of irrigation water, in relation
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requirement value.
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Figure 6a- 1a, Percent decrease in infiltrated leaching requirement relative
to model leaching requirement value, in relation to tailwater fraction and
model leaching requirement value for ta tailwater EC-ratio of 1.0.
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Figure 6a- 1b. Percent decrease in infiltrated leaching requirement relative
to model leaching requirement value, in relation to tailwater fraction and
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Figure 6a- 1c. Percent decrease in infiltrated leaching requirement relative
to model leaching requirement value, in relation to tailwater fraction and
model leaching requirement value for ta tailwater EC-ratio of 1.6.
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1.004
0,985
0.96
0.94
0.9%24
0.90
k::E
0.86
0.84
a.82
0.807
0.787
0.764

LRiw/LRinfw

LB L ke L B i e B

0.00 0.05 0.10 0.15 .20 0.25

Tall Woter Fraclion {note: Fetw=1.6)

LRC.00 Fr:l.00
L3 A% Frrl00

Scenars s R0 Frerd — LRI.O% Fni:8s
LRGCAZ FROT0 LR 13 FahBE
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Figure 6a- 3a. Percent decrease in irrigation water leaching requirement
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fraction and model leaching requirement value for a tailwater EC-ratio of
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Figure 6a- 3b. Percent decrease in irrigation water leaching requirement
relative to infiltration water leaching requirement, in relation to tailwater

fraction and model leaching requirement value for a tailwater EC-ratio of
1.3.
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Figure 6a- 4¢. Delivery water multiplier [N], in relation to tailwater fraction
and model leaching requirement value for a tailwater EC-ratio of 1.6.
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Figure Ga- Sh. Percent of infiltrated water relative to irrigation water, in
relation to tailwater fraction and model leaching requirement value for a
tailwater EC-ratio of 1.3,
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Figure 6a- 6a. Tailwater volume, in relation to tailwater fraction and model
leaching requirement value for a tailwater EC-ratio of 1.0
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Figure 6a- 6b. Tailwater volume, in relation to tailwater fraction and model
leaching requirement value for a tailwater EC-ratio of 1.3.
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Figure 6a- 6¢. Tailwater volume, in relation to tailwater fraction and model
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Figure 6a- 7a, Percent of tailwater relative to irrigation water, in relation to
tailwater fraction and model leaching requirement value for a tailwater
EC-ratio of 1.0.
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Figure 6a- 7¢, Percent of tailwater relative to irrigation water, in relation to
tailwater fraction and model leaching requirement value for a tailwater

EC-ratio of 1.6.
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Figure 6a- 8b. Volume of required deep percolation, in relation to tailwater
fraction and model leaching requirement vatue for a tailwater EC-ratio of
1.3.
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Figure 6a- 8¢, Volume of required deep percolation, in relation to tailwater
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1.6.
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Figure 6a- 9b, Beneficial tailwater voiume, in relation to tailwater fraction
and model leaching requirement value for a tailwater EC-ratio of 1.3.
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Figure 6a- 9c. Beneficial tailwater volume, in relation to tailwater fraction
and model leaching requirement value for a tailwater EC-ratio of 1.6,
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Figure 6a- 10a. Percent beneficial tailwater relative to irrigation water, in
relation to tailwater fraction and modet leaching requirement value for a
tailwater EC-ratio of 1.0.
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Figure 6a- 10b. Percent beneficial tailwater relative to irrigation water, in
relation to tailwater fraction and model leaching requirement value for a
tailwater EC-ratio of 1.3.
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Figure 6a- 10c. Percent beneficial tailwater relative to irrigation water, in
refation to tailwater fraction and model leaching requirement value for a
tailwater EC-ratio of 1.6.
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Figure 6a- 11a. Percent total drainage water relative to required irrigation
water, in relation to tailwater fraction and model leaching requirement
value for a tailwater EC-ratio of 1.0,
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Figure 6a- 11b. Percent total drainage water relative to required irrigation
water, in relation to tailwater fraction and model leaching requirement
value for a taihwater EC-ratio of 1.3,
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Figure 6a- 11c. Percent total drainage water relative to required irrigation
water, in relation to tailwater fraction and model leaching requirement
value for a tailwater EC-ratio of 1.6.
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Figure 6a- 12b. Percent beneficial drainage relative to total drainage, in
relation to tailwater fraction and model leaching requirement value for a
tailwater EC-ratio of 1.3.
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Figure 6a- 12¢. Percent beneficial drainage relative to total drainage, in
O relation to tailwater fraction and model leaching requirement value for a
tailwater EC-ratio of 1.6.
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Figure 6a- 13a. Percent beneficial tailwater relative to total drainage, in
relation to tailwater fraction model leaching requirement value for a
tailwater EC-ratio of 1.0.
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Figure 6a- 13b. Percent beneficial tailwater relative to total drainage, in
relation to tailwater fraction model leaching requirement value for a
tailwater EC-ratio of 1.3.
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Figure 6a- 13¢, Percent beneficial tailwater relative to total drainage, in
relation to tailwater fraction model leaching requirement value for a
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Figure 6a- 14a. Percent beneficial tailwater relative to required deep
percolation, in relation to tailwater fraction model leaching requirement
value for a tailwater EC-ratio of 1.0,
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Figure 6a- 14b. Percent beneficial tailwater relative to required deep
percolation, in relation to tailwater fraction model leaching requirement
value for a tailwater EC-ratio of 1.3.
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Figure 6a- 15a. Volume of non-beneficial water, in relation to tailwater
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Figure 6a- 15b, Volume of non-beneficial water, in relation to tailwater
fraction model leaching requirement value for a tailwater EC-ratio of 1.3.
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Figure 6a- 15¢. Volume of non-beneficial water, in relation to tailwater
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Figure 6a- 16c. Percent beneficial water relative to required irrigation
water, in relation to tailwater fraction model leaching requirement value
for a tailwater EC-ratio of 1.6.
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water, in relation to tailwater fraction model leaching requirement value
for a tailwater EC-ratio of 1.0.

50
oﬂ'--"/‘_
10 ) e
. e
—

100 NEVw /RVIW)

. 0‘|r|- ...... L L e e L N RN R RN e e e e e
Q.00 0.05 0.0 0.15 0.20 0.25

Tail Weter Froction (nate: Fegw=1.3)

Seanntls LRDX Frdh 70 LRG0 FroD.Bd — LR P00
LRD 13 Fnd 73 RG] FrD B8 T LRQ.3 Fail00

Figure 6a- 17b. Percent of beneficial water relative to required irrigation
walter, in relation to tailwater fraction model leaching requirement value
for a tailwater EC-ratio of 1.3.

50

40

30

207

1000HBVW /Rviw

104

LB B I A e L B N A R AN E R AR RAan e T

b.og 0.05 0.10 0.15 o.2a 0.25
Tol Water Fraction frote: Fetwm1 6}
Scanarla RGNS FRO0T0 T RGN FrRE  LRl49 PRl 00
L3 FedTE RO Frob = LRI Pelc

Figure 6a- 17c. Percent of beneficial water relative te required irrigation
water, in relation to tailwater fraction model leaching requirement vatue
for a tailwater EC-ratio of 1.6.




ol

60

50

104

Waw

304

20

[T T Ty T T T rrrrT LN R R Ry R E e

D.00 D.05 Gq.10 0.15 0.20 0.25
Toll Woter Froction (nate: Fetwa1.0)

Semady = U800 FRo7e LEQD9 Facl8s = LRD.O0 Frh00
L33 FreoTo LR0T Fadfs = RO Frl O3

Figure 6a- 18a. Volume of deep percolation, in relation to tailwater fraction
model leaching requirement value for a tailwater EC-ratio of 1.0,

704

Ll

20

404

ew

30

207

10

----- UL B L B N I e e S I R

0.00 0.05 D.n 015 0.20 0.23
Taon Woter Fraction (note: Fotw=1.3)

Szwnorin ——— iRO00 FROT0  — LibGO0 FLOBS = LRO.00 Fni100
W13 Fred7l LD tS Froms il 1R RN SR

Figure 6a- 18b. Volume of deep percolation, in relation to tailwater fraction
model leaching requirement value for a tailwater EC-ratio of 1.3.
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Figure 6a- 19¢. Percent of total drainage relative to required irrigation
water, in relation to tailwater fraction model leaching requirement value
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Figure 6a- 20b. Volume of non-required deep percolation, in relation to
tailwater fraction model leaching requirement value for a tailwater EC-
ratio of 1.3,
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tailwater fraction model leaching requirement value for a tailwater EC-
ratio of 1.6.
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Figure 6a- 22b. Actual leaching fraction relative to required leaching
fraction, in relation to tailwater fraction model leaching requirement value
for a tailwater EC-ratio of 1.3.
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To: Jim Rhoades
From: Scott Lesch
Subject: Performing a more rigorous Sensitivity Analysis

In general, a sensitivity analysis of a specific model {or equation) attempts to quantify precisely
how much each model parameter influences the response variable. This "influence" can be
measured in several ways, and the model parameters can be examined either independently or
simultaneously.

The simplest way to perform a sensitivity analysis is via the "1 parameter at a time (/PT)"
approach. For example, suppose our model response ( Z ) is a function of 3 parameters { A, B,
and C ). We can write this relationship mathematically as

Z =g(ABC)

where "g" represents some type of linear or nonlinear equation, etc. Suppose also that we can
agree on reasonable ranges for the three input parameters; i.e., we can specify the minimum,
typical (nean), and maximum values that each parameter might possibly assume, Inthe IPT
approach, we sequentially set one parameter to its minimum and maximum values, while holding
all other parameters fixed at their mean levels. The change in the Z response level is then
quantified (usually on a percent basis). This process is repeated for each parameter (while all
other parameters are held fixed at their respective mean levels), and hence the "sensitivity” of Z
to each parameter ( A, B, C ) is quantified.

An Analysis of Variance (ANOVA ) model represents another effective technique for quantifying
the effects of parameter (input) variation on the model response (output) variation, In the
ANOVA analysis, we approximate the exact equation ( g( A,B,C ) ) using a first-order analysis of
variance equation. This technique allows us to partition the response variation according to
specific input parameters. For example, we might find that 80% of the observed variation in Z is
explained by (changes in) parameter A, 15% of the observed variation is due to parameter B, and
only 5% is associated with parameter C, etc.

The ANOVA results can be used to compliment and enhance the /PT results. (For linear
equations, there is actually a mathematical relationship between these two approaches, but I will
not explain the relationship here.)

I've included an actual example on the next page (for RV,,) showing how both approaches would
be employed.




Example 1: Formula for Calculating RV,

Rde = LRiw ) RK‘W

Lle'Ve:

RV, =
de 1_LRrw_Frw
LR (1-F -F. )V
Rde= ( W c.rw) 2l
1- LR- (- F,,-F,)-F,
_ LR-(1-F, -F,)
RVJW"K‘L-LR-U—FM-F;M)—FW

A nonlinear equation, dependenton V,, LR, F,, and F,,.

Conditional on a V,, value of 100 (considered fixed), a simple sensitivity analysis can be
performed on the remaining 3 parameters, using the following ranges:

LR F, F.,
Minimum 0.07 0.01 1.0
Mean 0.11 0.12 13
Maximum 0.15 0.23 1.6

Likewise, a first order variance partitioning can be performed via use of an ANOVA model,
conditional on a fixed value of V, i.e.,

Rde e ﬂ + ai(LR)+ aj(Frw)'I' lk(F;m)

fori=1,2,3;j=1,2,3;and k=1, 2, 3 and where the 3 levels of each input variable are set to
the minimum, mean (typical), and maximum expected values shown above.

The sensitivity analysis allows one to determine the average % change in the RV, as each
parameter changes from its minimum to maximum levels. Likewise the ANOVA model allows
one to partition the variability of the RV, response into 4 effects:

1. Variability due to changes in the LR,

2. Variability due to changes in the F,,

3. Variability due to changes in the F_,,, and

4, Variability due to higher order interaction between the 3 input variables.

Thus, both of these techniques help us to quantify the "sensitivity" of the RV, response to each
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input parameter, etc...

Sensitivity Results:
1. Calculated Sensitivity: (typical RV, value: 11.794)

Parameter Minimum Maximum % Change

LR 7.197 16.804 81.5%
F,, 12.318 11.129 10.1 %
F,, 12.360 11.235 9.5%
Variahility Results:
2. Calculated % Variation in the RV, associated with each model parameter

(Note: R? value is 0.984, thus model explains 98.4 % of observed variability)

Parameter % Variation
LR 953 %

F,, 1.5%

F,, 1.6 %
Higher order interaction 1.6 %
General Results:

The dominate variable influencing the required volume of drainage water is the leaching
rate. Changing the LR over its full range results in an 82% change in the volume of
drainage water. Additionally, over 95% of the projected variation in drainage water
volumes is explained by variation in the LR, etc.




To: Jim Rhoades

Agsalt
From: Scott Lesch
EnvStatSrvcs
Date: January 6, 2003
Subject: Requested Sensitivity Analysis

1.0 Introduction

This report describes and documents the results from a formal sensitivity analysis
performed on nine mathematical equations derived from your composite tail-water
leaching model. Each of these nine equations describes a specific response variable of
interest, as defined by one or more of the following five input parameters: :

LR: the theoretical leaching rate

Ftw: the fraction of applied water that constitutes tail-water run-off

Fctw: the proportional increase in salinity (ECe) in the tail-water component
Vet: the assumed ET volume, expressed on a percent basis

Fu:  the uniformity coefficient, expressed as a fraction of the applied water

In this report, these five input parameters have been defined to have the following
minimum, median (mid-point), and maximum values, respectively:

Parameter Minimum Median Maximum
LR 0.08 0.12 0.16
Ftw 0.02 0.10 0.18
Fetw 1.00 1.30 1.60
Vet 90 100 110
Fu 0.70 0.85 1.00

The nine response variables of interest (subject to the sensitivity analysis) are as
follows:

LRiw: the irrigation water leaching rate

LRinfw: the infiltration water leaching rate

RViw: the required volume of irrigation water
RVinfw: the required volume of infiltration water
RVdw: the required volume of deep percolation water
BViw: the beneficial volume of tail-water

TBVw: the total beneficial volume of water (applied to the field)




@

@

NBVw: the non-beneficial volume of water (applied to the field)
N: the ratio of total water applied referenced to Vet

The mathematical equations defining these nine response variables are:

LRiw = LR: (1 - Ftw - Fctw)

LRinfw =  LRiw/ (1 - Ftw)

RViw = Vet /[ (1 - LRinfw) - (1 - Ftw} - Fu ]

RVinfw =  Vet/(1 - LRinfw)

RVdw = LRinfw - RVinfw

BVtw = [LR: (Vet/(1-LR))} - [LRiw - (Vet/ (1l - LRiw - Ftw)) ]
TBVw = Vet + RVdw + BViw

NBVw = RViw - TBVw

N = RViw / Vet

Note that these nine equations do not all depend on all five input parameters, although
each of the five input parameters effect multiple equations.

The remainder of this report is organized as follows. Section 2 describes the
statistical techniques used to perform the basic sensitivity and variability analysis.
Section 3 presents the results of these analyses for each response variable of interest.
Finally, section 4 contains some brief discussion and comments pertaining to these
results.

2.0  Sensitivity Analysis: Basic Theory

This section described the mathematical and statistical techniques used to perform
the basic sensitivity analyses. This includes the techniques used to (1) determine the
percent change in the response variables due to one-at-a-time (sequential) changes in the
individual input parameters, and (2) calculate and partition the percent variability in the
response variable induced by sequential changes across all relevant input variables.

2.1  Determining the % change in the response variable due to sequential
changes in (individual) input parameters.

In general, a basic sensitivity analysis can be used to determine the percent
change in the response variables due to one-at-a-time (sequential) changes in the
individual input parameters. To determine such changes, a set of minimum, typical (mid-
point), and maximum levels are first defined for all of the relevant input parameters. The
mid-point input levels are then used to calculate "reference” values for the response
variables of interest. Next, each input parameter is sequentially set to its minimum and
maximum level (while all other input parameters are held fixed at their respective mid-
point levels) and the changes in a specific response variable are recorded. The difference
in the response output (maximum - minimumy is then used in conjunction with the
reference output level to define the percent change. Formally, this is defined as
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% change = 100 - (abs [ Ymax - Ymin ] / Yreference )

where abs stands for "absolute value” and Yiin, Ymax, a0d Yieterence refer to the minimum,
maximum, and reference response variable output values.

The following example should help clarify this technique. Consider the equation
used to define the irrigation water leaching rate (LRiw):

LRiw = LR- (1 - Ftw - Fetw)

This equation contains three input parameters (LR, Ftw, and Fctw), and thus the LRiw
response variable is clearly a function of these three parameters. First, each input
parameter is set to its defined mid-point level (0.12, 0.10, and 1.3, respectively) and then
these mid-point values are used to calculate the LRiw reference output value (0.1044).
Next, the LRiw responses at LR = (.08 and LR = 0.16 are calculated, while holding the
Ftw and Fetw input levels fixed at 0.1 and 1.3. In this example, these values turn out to
be 0.0696 and 0.1392, respectively. Finally, the percent change in LRiw is calculated as

% change = 100 - (0.1392 - 0.0696) / 0.1044
= 66.67 %

Hence, the observed percent change in the LRiw response variable due to the maximum
expected variation in the LR input parameter is about 67 %.

‘When this process is repeated for the Ftw and Fetw input parameters, we find that
the corresponding percent changes in the LRiw response variable are 23.91 % and 6.90
%, respectively. Taken together, these calculations imply that the LRiw response
variable exhibits the greatest degree of sensitivity to the LR input parameter, and the least
degree of sensitivity to the Fctw input parameter, etc.

In general, a basic sensitivity analysis can be used to formally address three
issues. First, it ranks the degree of sensitivity (of the response variable) to each input
variable. Second, it quantifies the percent change in the response variable output value to
the expected full range of deviation in each input parameter. Third, the response variable
output values can additionally be used to determine if an increase in the input parameter
level results in a corresponding increase or decrease in the response output. (In the LR
input parameter example, an increase in this parameter resulted in a corresponding
increase in the LRiw response output.) Note that the sensitivity analyses presented in this
report are used to address all three of these issues.

2.2  Calculating the % variability in the response variable induced by
sequential changes across all input parameters.

The basic sensitivity analysis technique described above supplies important
information. However, in addition to quantifying the sensitivity (of the response
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variable), it is also generally desirable to quantify the percent variation in the response
variable induced by sequential changes across all relevant input variables. The most
direct way to estimate such variation is via use of a statistical modeling technique
referred to as an Analysis of Variance (ANOVA) model.

This modeling process works as follows. First, all possible combinations of the
five input parameters are generated and used to calculate a data set of response variable
output levels. In this study, note that there are 243 (3%) possible combinations of
minimum, mid-point, and maximum input parameter levels, respectively. Next, the
output data associated with each response variable is modeled using the following first-
order ANOVA model:

y = praityFoktAstwcte

where y represents the calculated response variable data, p represents the overall mean
response variable level, e represents an error term, and a0, v, 0k, A5, and 7, represent
empirical (model) parameters that quantify the effects of the five theoretical input
parameters at levels , j, & s, =1, 2, and 3 (i.e., the minimum, mid-point, and maximum
input levels, respectively). Provided the theoretical input levels used in the analysis are
orthogonal (i.e., jointly uncorrelated, which they are in this study), the results from this
ANOVA model can be used to quantify the observed variation in the response variable
and partition it across the various input parameters.

More specifically, the above ANOVA model represents an additive, first-order
approximation to the true (typically non-linear) mathematical equations that define each
response variable. As such, the partial sum of squares associated with each fitted
ANOVA model parameter represent the proportion of response variation explained by
each theoretical input parameter (for example, refer to Myers, 1986, section 3.4 for an
equivalent example using a linear regression model). Of course, since the ANOVA
model is only an approximation to the true non-linear equation, less than a perfect 100 %
of the response variation will be explained (the unexplained portion of variation is, by
default, associated with the € error term). However, if the ANOVA model provides for a
good approximation then this unexplained (error) component will be minimal. Insuch a
situation, the estimated proportion of response variation explained by each theoretical
input parameter will represent an accurate approximation to the true amount of variation
attributable to each input parameter.

An example will help clarify this technique. Consider the LRiw response variable
once again. The ANOVA model fit to all 243 LRiw response variable output values
produces the following sum of squares (SS) estimates:

Total SS (corrected for mean). 0.22651
SS explained by
the ANOVA model: 0.22352
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Partial SS attributed to

each input parameter: LR: 0.19619
Ftw: 0.02523
Fetw: 0.00210
Vet: 0.00000
Fu: 0.00000

First, note that the proportion of explained variability (i.e., the model R* value) is defined
as the ratio of the SS explained by the model to the total SS. In the above example this
value is (0.22352 / 0.22651) = 0.9868. Hence, the ANOVA model explains about 98.7 %
of the total observed variability in the LRiw response data, and thus the approximation is
highly accurate. Second, note that the sum of the partial SS (attributed to each theoretical
input parameter) add up to the SS explained by the model. Thus, these partial SS
estimates "partition” the explained variation; i.e., they can be used to determine exactly
how much variation (in the response output) is caused by each input parameter. For
example, since 100(0.19619 / 0.22651) = 86.6 %, we can infer that 86.6 % of the
observed variation in the LRiw response data is due to (i.e., caused by) changing the LR
input parameter (from 0.08 to 0.16). Likewise, a little over 11 % of the observed
variation in the LRiw response data is due to (i.e., caused by) changing the Ftw input
parameter (from 0.02 to 0.18). Hence, we can conclude that (1) the LR parameter
"dominates” the LRiw equation (since about 87 % of the observed LRiw variation can be
attributed to this input parameter), (2) the Ftw input parameter exhibits significantly less
influence (about 11 %, etc.), and (3) the Fctw input parameter is associated with onty a
trivial amount of explained variation.

In this report, the above mentioned ANOVA modeling technique is used to
compliment the sensitivity analysis results. Specifically, the amount of observed
variation in the calculated response variable data that is attributable to each input
parameter has been determined using the partial sum of squares estimates (produced by
each ANOVA model). These SS calculations estimate the amount of explainable
variation in the response variable associated with each theoretical input parameter. In
turn, such estimates are used to directly quantify how important each input parameter is
with respect to inducing variation in the response variable output data.

3.0  Sensitivity Analysis: Results

The pertinent sensitivity analysis details associated with each of the nine response
variables are presented in this section.

3.1 LRiw

The sensitivity analysis results for the LRiw response variable are shown in Table
1. As indicated in Table 1, LRiw is a function of three input parameters: LR, Ftw, and
Fctw. The sequential parameter results show that the largest change in LRiw (66.67 %)
is caused by changing the LR input parameter from 0.08 to 0.16. A 23.91 % change is
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caused when the Ftw input parameter is varied from 0.02 to 0.18, and a 6.90 % change
occurs when the Fctw input parameter is varied from 1.0 to 1.6. Note that the LRiw
response variable decreases as the values of the latter two tail-water input parameters
(Ftw and Fctw) increase. In contrast, the LRiw response variable increases as the value
of the LR input parameter increases.

The associated ANOVA results suggest that the bulk of the observed variation in
the LRiw response (86.62 %) can be attributed to changes in the LR input parameter.
Nearly all of the remaining explained variation (11.14 %) can be attributed to changes in
the Ftw input parameter. Note that changes in the Fetw parameter induce only a trivial
amount of variation in the LRiw response. The overall R? value of 0.9868 suggests that
the approximation of this first order ANOVA model (to the true nonlinear response
function) is highly accurate.

32 LRinfw

The sensitivity analysis results for the LRinfw response variable are shown in
Table 2. As indicated in Table 2, LRiw is a function of three input parameters: LR, Ftw,
and Fectw. The sequential parameter results show that the largest change in LRinfw
(66.67 %) is caused by changing the LR input parameter from (.08 to 0.16. A 6.18%
change is caused when the Ftw input parameter is varied from 0.02 to 0.18, and a 6.90 %
change occurs when the Fctw input parameter is varied from 1.0 to 1.6. Note that the
LRinfw response variable decreases as the values of the latter two tail-water input
parameters (Ftw and Fctw) increase. In contrast, the LRiw response variable increases as
the value of the LR input parameter increases.

The associated ANOVA results suggest that almost all of the explained variation
in the LRinfw response (97.25 %) can be attributed to changes in the LR input parameter.
Note that changes in either the Ftw and/or Fctw parameters induce only trivial amounts of
variation in the LRiw response. The overall R* value of 0.9925 suggests that the
approximation of this first order ANOVA model is highly accurate.

33 RViw

The sensitivity analysis results for the RViw response variable are shown in Table
3. Asindicated in Table 3, RViw is a function of all five input parameters: LR, Ftw,
Fctw, Vet, and Fu. The sequential parameter resuits show that the largest change in
RViw (36.43 %) is caused by changing the Fu input parameter from 0.70 to 1.00. The
next two largest changes are induced by changing the Vet and Ftw parameters (20.00 %
and 17.10 %), respectively. Additionally, a 8.76 % change occurs from varying the LR
input parameter. Varying the Fctw input parameter results in only a trivial % change in
the RViw response variable. Note that the RViw response variable decreases as the Fu
input parameter value increases. In contrast, the RViw response variable increases as the
values of the LR, Ftw, and Vet input parameters increase.




The associated ANOV A results suggest that the majority of the observed variation
in the RViw response (62.03 %) can be attributed to changes in the Fu input parameter.
Most of the remaining explained variation can be attributed to changes in the Ftw and Vet
input parameters (13.99 % and 19.31 %, respectively). Note that changes in the LR input
parameter induce only a minimal amount of variation in the RViw response (3.76 %), and
that changes in the Fetw input parameter are barely even detectable. The overall R? value
of 0.9904 again suggests that the approximation of this first order ANOVA mode! is
highly accurate.

34 RVinfw

The sensitivity analysis results for the RVinfw response variable are shown in
Table 4. As indicated in Table 4, RVinfw is a function of four input parameters: LR,
Ftw, Fctw, and Vet. The sequential parameter results show that the largest change in
RVinfw (20.00 %) is caused by changing the Vet input parameter from 90 to 110 %. The
next largest change is induced by changing the LR parameter (8.76 %). Varying either
the Ftw or Fetw input parameters results in only a trivial % change in the RVinfw
response variable, Note that the RVinfw response variable increases as the values of the
LR and Vet input parameters increase.

The associated ANOVA results suggest that the bulk of the observed variation in
the RVinfw response (83.46 %) can be attributed to changes in the Vet input parameter.
Nearly all of the remaining explained variation (15.95 %) can be attributed to changes in
the LR input parameter, Note that changes in either the Ftw or Fctw parameters induce
virtually no variation in the LRiw response. The overall R* value of 0.9975 again
suggests that the approximation of this first order ANOVA model is highly accurate.

3.5 RVdw

The sensitivity analysis results for the RVdw response variable are shown in
Table 5. As indicated in Table S, RVinfw is a function of four input parameters: LR,
Ftw, Fctw, and Vet. The sequential parameter results show that the largest change in
RVdw (75.56 %) is caused by changing the LR input parameter from 0.08 to 0.16. The
next largest change is induced by changing the Vet parameter (20.00 %). Varying either
the Ftw or Fctw input parameters results in smaller % changes in the RVinfw response
variable (6.99 % and 7.80 %, respectively). Note that the RVinfw response variable
increases as the values of the LR and Vet input parameters increase, and decreases as the
Ftw and Fctw input parameters increase.

The associated ANOVA results suggest that the dominant amount of observed
variation in the RVinfw response (90.21 %) can be attributed to changes in the LR input
parameter. The majority of the remaining explained variation (6.46 %) can be attributed
to changes in the Vet input parameter. Note that changes in either the Ftw or Fetw
parameters induce only trivial variation in the LRiw response (about 1% each). The
overall R? value of 0.9858 once again suggests that the approximation of this first order
ANOVA model is highly accurate.




36 BVtw

The sensitivity analysis results for the BVtw response variable are shown in Table
6. As indicated in Table 6, BVitw is a function of four input parameters: LR, Ftw, Fctw,
and Vet. The sequential parameter results show that very large changes in BVtw are
induced by varying the Fetw, Ftw, and LR input parameters. The largest change in BVtw
(199.10 %) is caused by changing the Fctw input parameter from 1.0 to 1.6. Almost as
large a change (178.26 %) is caused by changing the Ftw input parameter from 0.02 to
0.18. Changing the LR input parameter (from 0.08 to 0.16) also induces a large change
(84.98 %) in the BVtw response variable. Changing the Vet input parameter by 20 %
(from 90 % to 110 %) induces an equivalent 20% change in the BVtw response. Note
that the BVtw response variable increases as all four of the input parameters increase.

The associated ANOV A results for this response variable need to be interpreted
with caution. Note that the majority of the observed variation in the BVtw response is
attributed to changes in the Ftw and Fctw input parameters (27.27 % and 37.78 %,
respectively). Another 6.48 % can be attributed to changes in the LR input parameter,
while onlgr a trivial change is associated with the Vet input parameter. However, the
overall R® value for this ANOVA model is only 0.7191. This implies that the ANOVA
approximation (of this functional relationship) is not very good, since over 28 % of the
observed variation is unexplained. This high amount of unexplained variation is a direct
result of the highly nonlinear and complex (i.e., interactive) relationship between the
BVtw response variable and LR, Ftw, and Fctw input parameters. Hence, these estimated
% explained variation amounts may be unreliable.

3.7 TBVw

The sensitivity analysis results for the TBVw response variable are shown in
Table 7. Although the TBVw equation appears rather complex, this variable actually
reduces to a function of just two input parameters: LR and Vet. The sequential parameter
results show that the largest change in TBVw (20.00 %) is caused by changing the Vet
input parameter from 90 to 110 %. A corresponding 9.11 % change is caused when the
LR input parameter is varied from 0.08 to 0.16. Note that the TBVw response variable
increases as both of these input parameter increase.

The associated ANOVA results suggest that the bulk of the observed variation in
the LRiw response (82.75 %) can be attributed to changes in the Vet input parameter. All
of the remaining explained variation (17.14 %) can be attributed to changes in the LR
input parameter. The overall R? value of 0.9989 suggests that the approximation of this
first order ANOVA model to the true nonlinear response function is almost perfect.




3.8 NBVw

The sensitivity analysis results for the NBVw response variable are shown in
Table 8. As indicated in Table 8, NBVw is a function of all five input parameters: LR,
Ftw, Fctw, Vet, and Fu. The sequential parameter results show that by far the largest
change in NBVw (157.34 %) is caused by changing the Fu input parameter from 0.70 to
1.00. The next two largest changes are induced by changing the Ftw and Vet parameters
(73.84 % and 20.00 %, respectively). Additionally, a 7.62 % change occurs from varying
the LR input parameter, and 2 3.91 % change occurs from varying the Fetw input
parameter. Note that the NBVw response variable decreases as the Fu and Fetw input
parameters value increase. In contrast, the NBVw response variable increases as the
values of the LR, Ftw, and Vet input parameters increase.

The associated ANOVA results suggest that the bulk of the observed variation in
the NBVw response (79.13 %) can be attributed to changes in the Fu input parameter.
Most of the remaining explained variation can be attributed to changes in the Ftw input
parameter (17.84 %). Note that changes in the Vet input parameter induce only a
minimal amount of variation in the NBVw response (1.55 %), and that changes in the LR
and Fetw input parameters are barely even detectable. The overall R? value of 0.9881
again suggests that the approximation of this first order ANOVA model is highly
accurate.

39 N

The sensitivity analysis results for the N response variable are shown in Table 9.
As indicated in Table 9, N is a function of four input parameters: LR, Ftw, Fctw, and Fu.
The sequential parameter results show that the largest change in N (36.43 %) is caused by
changing the Fu input parameter from 0.70 to 1.00. The next largest changes are induced
by changing the Ftw and LR parameters (17.10 % and 8.76 %, respectively). Varying
the Fetw input parameter results in only a trivial % change in the RVinfw response
variable. Note that the N response variable increases as the values of the LR and Ftw
input parameters increase, and decreases as the Fu (and Fetw) input parameters increase.

The associated ANOVA results suggest that the bulk of the observed variation in
the N response (77.38 %) can be attributed to changes in the Fu input parameter, Nearly
all of the remaining explained variation (17.45 % and 4.58 %) can be attributed to
changes in either the Ftw or LR input parameters, respectively. Note that changes in the
Fetw parameter induce almost no detectable variation in the N response. The overall R?
value of 0.9947 yet again suggests that the approximation of this first order ANOVA
model is highly accurate.




4.0  Sensitivity Analysis: Discussion and Comments

Some brief comments that summarize the main statistical results discussed in
section 3 are given below.

4.1  Leaching Rate Response Variables (LRiw and LRinfw)

Not surprisingly, the two leaching rate response variables are predominantly
influenced by the input LR (theoretical leaching rate) parameter values. Note that the
input LR values appear to have a stronger effect on the LRinfw response variable, since
the effect of the Ftw parameter is less pronounced on this latter variable.

4.2  Required Volume Response Variables (RViw, RVinfw, and RVdw)

These three response variables exhibit dissimilar relationships to the five input
parameters. The RViw variable is primarily influenced by the Fu input parameter, and
exhibits secondary sensitivity to the Vet and Ftw input parameters. In contrast, the Fu
input parameter has no effect at all on either the RVinfw or RVdw response variables
(since it does not enter into either functional relationship). The RVinfw variable seems to
be mostly influenced by the Vet input parameter, and to a lesser extent the LR parameter.
However, the RVdw response variable shows by far the greatest sensitivity to the LR
input parameter, and (proportionally) far less sensitivity to Vet.

4.3  Beneficial Volume Response Variables (BVtw and TBVw)

Perhaps not surprisingly, the BVtw and TBVw response variables also exhibit
dissimilar relationships to the five input parameters. The BVtw variable is extremely
sensitive to the Fctw and Ftw input values, and also very sensitive to changing LR input
levels. In contrast, the TBVw response variable is mostly influenced by the input Vet
parameter values.

It is interesting to note that the Ftw and Fctw input parameters apparently cancel
out of the TBVw functional relationship. (I would expect that this can be shown
algebraically, although I have not tried to do so.)

4.4  Excess Water Load Variables (NBVw and N)

Although the NBVw response variable exhibits far more sensitivity to the various
input parameters in an absolute sense {than the N variable), on a relative (i.e.,
proportional) scale both variables exhibit distinctively similar patterns. Both variables
exhibit the greatest sensitivity to the Fu input parameter, and to a lesser extent, Ftw.
Additionally, both variables respond to these two input parameters in the same way; i.e.,
inversely to increasing Fu values and proportionately to increasing Ftw values.
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4.5  Additional Comments concerning the Vet Input Parameter

Overall, the Vet input parameter enters into six of the nine functional response
variable relationships; RViw, RVinfw, RVdw, BVtw, TBVw, and NBVw. In all six
cases, a 20 % change in the Vet input parameter results in an equivalent 20 % change in
the output response parameter. Hence, there is a direct (one-to-one) correspondence with
respect to the induced sensitivity,. However, there is not a corresponding consistent
degree of induced variation in these respective response variables, since the changes in
the remaining input parameters tend to induce proportionately dissimilar amounts of
variation (into each variable). This is why the Vet parameter appears to explain the
dominant amount of variation in the RVinfw, TBVw, and NBVw response variables, but
not the RViw, RVdw, or BVtw variables.

4.6  Additional Comments concerning the BVtw Response Variable
As stated previously, the low ANOVA model R? value for the BViw response
data suggests that the calculated % explained variation amounts (associated with the input

parameters for this variable) may be unreliable. In contrast, all of the other calculations

appear to be highly reliable, since the R? values associated with the remaining eight
ANOVA models always exceeded 0.98.

5.0 References
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Table 1. Sensitivity analysis results for the LRiw response variable.

Response Variable:

LRiw

Basic Sensitivity Analysis

Controlling Input Variables: LR Fitw Fctw
Parameter
Levels Range LRiw % Change
Midpoint n/a 0.10440
flux:LR 0.08 0.086960
0.16 0.13920 66.67 % (+)
flux;:Ftw 0.02 0.11688
0.18 0.09192 23.91 % (=)
flux:Fetw 1.00 0.10800
1.60 0.10080 6.90 % (~)
flux:Vet 9C.00 0.10440
110.00 0.10440 0.00 %
flux:Fu 0.70 0.10440
1.00 0.10440 0.00 %

ANOVA Analysis: %

Model R-sguare:

Parameter
LR

Ftw

Fctw

Unexplained

Explained Variation
0.5868

% Explained
Variation

86.62 %
11.14 %
0.92 %

1.32 %
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O Table 2. Sensitivity analysis results for the LRinfw response variable.
/J’

Response Variable: LRinfw

Basic Sensitivity Analysis

Controlling Input Variables: LR Ftw Fctw
Parameter
Levels Range LRinfw % Change
Midpoint n/a 0.11600
flux:LR 0.08 0.07733
0.16 0.15467 66.67 % (+)
flux:Ftw 0.02 0,11927
0.18 0.11210 6.18 % (-~}
flux:Fctw 1.00 0.12000
1.60 0.11200 6.90 % (=)
flux:vVet 90.00 0.11600
110.00 0.11600 0.00 %
™ flux:Fu 0.70 0.11600
_;’ 1.00 0.11600 0.00 %

ANOVA Analysis: % Explained Variation
Model R-sguare: 0.9925

% Explained

Parameter Variation
LR 97.25 %
Ftw 0.84 %
Fetw 1.16 %
Unexplained 0.75 %
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O Table 3, Sensitivity analysis results for the RViw response vatiable.

Response Variable:; RViw

Basic Sensitivity Analysis

Controlling Input Variables: LR Ftw Fctw Vet Fu

Parameter
Levels Range RViw % Change
Midpoint n/a 147.872
flux:LR 0.08 141.675

0.16 154.636 8.76 ¥ {+)
flux:Ftw 0.02 136.304

0.18 161.585 17.10 % {+}
flux:Fctw 1.00 148.544

1.60 147.20¢6 0.90 % (=)
flux:Vet 90.00 133.085

110.00 162,659 20.00 & ({+)

.70 179.559
.00 125,691 36.43 % (-}

= O

(Zj) flux:Fu

ANOVA Analysis: % Explained Variation
Model R-sguare: 0.9904

% Explained

Parameter Variation
LR 3.76 %
Ftw 13.99 3
Fctw 0.05 %
Vet 19.31 %
Fu 62.03 %
Unexplained 0.9%96 %
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O Table 4. Sensitivity analysis results for the R Vinfw response variable.

Response Variable: RVinfw

Basic Sensitivity Analysis

Controlliing Input Variables: LR Ftw Fctw Vet
Parameter
Levels Range RVinfw % Change
Midpeint n/a 113.122
flux:LR 0.08 108.382
0.16 118.297 8.76 % (+)
flux:Ftw 0.02 113.542
0.18 112.625 0.81 % (=)
flux:Fctw 1.00 113.636
1.60 112.613 0.90 & {~}
flux:Vet 90.00 101.810
110.00 124.434 20.00 % (+)

.70 113.122
.00 113.122 0.00 %

(:i\ flux:Fu

ANOVA RAnalysis: % Explained Variation

| i

Model R-sguare: 0.9975

% Explained

Parameter Variation
: LR 15.95 %
f Ftw 0.14 %
Fobw 0,20 %
| Vet 83.46 %
|
Unexplained 0.29 %

@
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O Table 5.

Response Variable:

RVdw

Basic Sensitivity Analysis

Controlling Input Variables:

Parameter
Levels Range
Midpoint n/a
flux:LR 0.08
0.16
flux:Ftw 0.02
0.19
flux:Fetw 1.40
1.60
flux:Vet 20.00
11¢.00
flux:Fu 0.70
1.00

ANOVA Analysis: %

Model R-sguare:

Parameter

LR
Ftw
Fetw
Vet

Unexplained

13,

8.

18

13.
12.

13.
i2.

11.
14,

13.
13.

Rvdw

1222

3815

. 2965

5416
6250

6364
6126

8100
4344

1222
1222

Sensitivity analysis results for the RVdw response variable.

LR Ftw Fetw Vet

% Change

75.56

7.80

20.00

0.00

Explained Variation

0.9858

% Explained
Variation

9

= e )

.21
.80
.11
.46

.42

9 P o op
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O Table 6. Sensitivity analysis results for the BVtw response variable.

Response Variable:; BvViw

Basic Sensitivity Analysis

Centrolling Input Variables: LR Ftw Fctw Vet
Parameter
Levels Range BVtw % Change
Midpoint n/a 0.51419
flux:LR 0.08 0.31415
0.16 0.75109 84.98 & ()
flux:Ftw 0.02 0.09479
0.18 1.01138 178.26 % {+)
filux:Fetw 1.00 ©.00000
1.60 1.02375 199,10 & (+)
flux:vVet 90.00 0.46277
110.00 0.56561 20.00 % (+)
‘\ flux:Fu 0.70 0.51419
J 1.060 0.51419 0.00 %

BNOVA Analysis: % Explained Variation
Model R-square: 0,7191

% Explained

Parameter Variation
LR 6.48 %
Ftw 27.27 %
Fctw 37.78 %
Vet 0.38 &
Unexplained 28.09 %

Note: BVtw response is highly non-linear and exhibits significant
interaction between the LR, Ftw, and Fctw input variables.

@
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Table 7.

Response Variable:

TBVw

Basic Sensitivity Analysis

Contreolling Input Variables: LR Vet
Parameter
Levels Range TBVw
Midpoint n/a 113.636
flux:LR 0.08 108.696
0.186 119,048 9.11
flux:Ftw 0.02 113.636
0.18 113.636 0.00
flux:Fctw 1.00 113.636
1.60 113.636 0.00
flux:Vet 80.00 102.273
110.00 125.000 20.00
flux:Fu 0.70 113.636
1.00 113.636 0.00
ANOVA Analysis: % Explained Variation
Model R-square: 0.9989
% Explained
Parameter Variation
LR 17.14 %
Vet 82.75 %
Unexplained 0.11 %
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Sensitivity analysis results for the TBVw response variable.

% Change
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Table 8.

Response Variable:

NBVw

Basic Sensitivity RAnalysis

Controlling Input Variables:

Parameter
Levels

Midpoint

flux:LR

flux:Ftw

flux:Fctw

flux:Vet

flux:Fu

ANOVA Analysis:

Ra

0

0.

0.
0.

1.
1.

90.

110

o

%

Model R-square:

Parameter

LR
Ftw
Fctw
Vet
Fu

Unexplained

nge
n/a

.08
ieé

02
18

00
60

00
.00

.70
.00

34

32.

35

22.
47.

34.
33.

30.

37

65.
12,

NBVw

.2358

9785
.5884

6680
9490

9079
5697

8122
. 6593

9226
0549

Sensitivity analysis results for the NBVw response variable.

LR Ftw Fectw Vet Fu

% Change

73.84 %

3.91 %

20.00 %

157.34 %

Explained Variation

0.9881

% Explained
Variation

.22
.84
.07
.55
.13

.13

o° of o 9P oo
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O Table 9. Sensitivity analysis results for the N response variable.
Response Variable: N

Basic Sensitivity Analysis

Controlling Input Variables: LR Ftw Fctw Fu
Parameter
Levels Range N % Change
Midpoint n/a 1.47872
flux:LR 0.08 1.41675
0.16 1.54636 8.76 % {+)
flux:Ftw 0.02 1.36304
0,18 1.61585 17.10 &8 ()
flux:Fetw 1.00 1.48544
1.60 1.47206 0.9 & (-}
flux:Vet 90.00 1,47872
110.00 1.47872 0.00 %
flux:Fu 0.70 1.79559
1.00 1.25491 36.43 % (-}
ANOVA Analysis: % Explained Variation
Model R-square: 0.9947

‘ % Explained

Parameter Variation
LR 4,58 %
Ftw 17.45 %
Fctw 0.06 %
Fu 77.38 %
Unexplained 0.53 %
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